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EXECUTIVE SUMMARY

This Weldon Spring Site Ewvironmental Report for Calendar Year 1997 has been
prepared fo provide information about the public safety and environmental protection programs
conducted by the Weldon Spring Site Remedial Action Project (WSSRAP). The Weldon Spring
site is located in southern $t. Charles County, Missouri, approximately 48 km (30 mi) west of
St. Louis. The site consists of two main areas, the Weldon Spring Chemical Plant and raffinate
pits and the Weldon Spring Quarry. The chemical plant, raffinate pits, and quarry are located on
Missouri State Route 94, souttiwest of U.S. Route 40/61.

The objectives of the Sife Environmemal Report are to present a summary of data from
the environmental monitoring program, to characterize trends and environmental conditions at the
site, and to confirm compliance with eénvironmenta! and health protection standards ang
requirements. The report also presents the status of remedial activities and the results of
monitoring the:se activities to assess their impacts on the public and environment.

This report includes monitoring data from routine radmlc-gma} and nonradmlugmal
sampling activities. These data include estimates of dose to the public from.the Weldon Spring
site, estimates of effluent releases, and trends in groundwater contaminant levels. Additionally,
" applicable compliance requirements; guality assurance programs, and special studies conducted in
1997 to support envirenmental protection programs are discussed. B

Daose estimates presented in this report are based on hypothetical expnsure scenarios for
public use of areas near the site. In addition, release estimates have been calculated on the hasis
of 1997 National Pollutant Discharge Efimination System (NPDES) and air monitoring data.
Effluent discharges from the site under routine NPDES and National Emission Standards for
‘Hazardous Air Pollutants (NESHAPs) monitoring were below permitted levels for radmmchdes

MONITORING OVERVIEW

_ WSSRAP environmental management programs are designed to ensure that releases from
the site are at levels demonstrably and consistently "as low as reasonably achievable” {ALARA).
The ALARA principie drives the work activities related to site remediation and contaminant
cleanup programs under U.S, Environmental Protection Agency (EPA) enforcement of the

Comprehensive Environmental Response, Compensation and Liability Acr (CERCLA).

Effluent and environmental monitoring programs provide early detection of contaminants, -
assessmeni-of potential impacts to the environment, and data needed to implement the ALARA
" strategy. Routine monitaring also demnnsu‘ates compliance with applicable State and Federal
permits and regulations.

" DDE/OR/21645-730, Rev. O
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REGULATORY COMPLIANCE

The Weldon Spring site is listed on the National Priorities List (NPL} and is governed by .
the CERCLA, Under the CERCLA, the WSSRAP is subject to meeting or exceeding applicable
or relevant and appropriate reguirements of Federal, State, and local laws. Primary regulations
include the Resource Conservation and Recovery Acr {(RCRA), Clean Water Act (CWA), Clean
Air Act (CAA), Toxic Substances Control Act (TSCA), the National Historic Preservation Act
(NHFPA) and, because the U.S. Department of Energy (DOE) is the lead agency for the site, the

. incorporation of the Nafional Emvironmental Policy Act (NEPA) values into CERCLA
* documents as outlined in the Se:cretarial Policy statement on NEPA. '

The Weldon Spring Quarry Bulk Wastes Operable Unit was officially completed in Apsil -
1997 with the submission of the Quarry Bulk Waste Excavation Remedial Action Report to the
u.s. Enwronmemal Protection Agency, Regmn VIIL '

An Organic Waste Treatability Smd}r using solvated electron technnlug},r has heen
initiated. Wastes to be treated include polychlorinated biphenyls (PCBs) and other chlorinated
organic compounds as well as nnnwﬂ'oﬁﬁate& aromatic unsaturated bydrocarbons.

Ten containers of waste were tran&fcrred 10 the K-25 incinerator in Ualedge Telmassea :
for tfeatmmrt

Five NPDES pemmit exceedances occwred in 1997, Twice, site storm water contained
levels of settleable solids greater than the limit allowed by the site NPDES permit.  Additionally,
the permitted limit for biochemical oxygen demand (BOD) in sewage treatment plant effluent was
exceeded three times during one reporting period.

MONITORING SUMMARY

Envirphmental monitoring data showed that dose estimates were below the U. S
Department of Energy guideline of 100 mrem (1 mSv) annual total effective dose equivalent for.
all exposure pathways. NESHAPs air monitoring resulis for radicactive air particulates showed
that dose estimates were all well below the NESHAPS standard of 10 mrem (0.1 mS%) per vear.
The 1957 Ba-220 total release estimate was 42 Ci (1.6E12 Bq). The total release of Rn-222
during the year was comparable to background; therefore, no estimate. of dose was made.

Release estimates for total uranium in water {which include storm water and water from
the treatment plants) decreased from the 1996 release estimate of 0.026 Ci (9.6E8 Bq) te
0.015 €i {6.7E8 Bq) in 1997, however, the annual release of total uraniom for 1997 is a 95%
reduction of the 1987 annuai estimate. Effluent releasés were below the DOE derived
concentration guide fevel of 600 pCil. Data from groundwater and surface water monitoring
indicated no measurable impact on drinking water sources from Weldon Spring stte contaminants.

DOE/OR/21648-730, Rev, ©
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Dose Estimates

In 1997, the maximym total. eﬁ'eﬁi!._re dose equivalent to a hypothetical individual
employed full-time at the Missouri Highway Transportation Department (MHTD) facility was 2.5
mrem (0.025 mSv}. This scenario assumed an individual working outside the maintenance facility
2,000 hoursfyear. The maximum teotal efféctive dose equivalent to a hypothetical individual at the
boundary of the quarry was 0.001 mrem (1.0E-5 mSv). This scenario assumed an individual
walking along the sountheastern perimieter of the quarty 5 hoursfyear. The total effective dose
equivalent to a maximally exposed iitdividual at the vicinity properties from consumption of water
was 0.46 mrem (4.6E-3 mSv). This scenario assumed an indtvidual walking past Burgermeister
Spring once per week and -drinking one cup (0.237 1) of spring water each visit. These estimates
are below the DOE giideline of 100 mrem (1 m3v) annual total effective dose equivalent for all
exposure pathways. By comparison, the annual total effective dose equivalent in the United
States due to naturally occutring sources of radioactivity is approximately 300 mrem (3 mSv).

The collective population dose equivalent for the population assumed to frequent the
Busch Memorial Conservation Area and employees of the MHTD facility and WSSRAP |
administration building was 0.13 person-rem (0.0013 person-8v). The Busch Conservation Area
_estimate was based on an affected population of 160,000 persons assumed .to have potential for
exposure through ingestion of fish, water; and sediments. The MHTD estimate was based.on a
staff of nine full-time employees exposed io above-background levels of gpamma radiation:. - The
WSSRAP administration building estimate was based on a staff of 300 employees being exposed
to elevated concentrations of radioactive airborne particulstes (assumed to be total uranium).

Air Monitoring

During 1997, aitbortie releases from the Weldon Spring Chemical Plant area included
Rn-220 gas and progeny and radioactive airborne particulates. Radicactive airborne particulates
were assumed to include Ra-226, Ra-228, Th-228, Th-230, Th-232, and total uranium,

The estimated off-site Rn-220 release was 42 Ci (1.5E12Bq). Statistical analysis of.
integrated radom track etch data indicates that the concentrations at three perimeter and nine
interior stations near the raffinate pits were greater than background levels. Statistical analysis of
modified track etch detector data indicates one station at the quarry, three stations at the raffinate
pits, and three stations along the chemical plant perimeter that exceeded background levels of -
Rn-220. All track etch results wers below the derived concentration guide (DCG) for Rn-222
and Rn-220 of 3 pCi/l (0.11 Bq). ' :

The results of NESHAPs monitoring for radicactive particulates indicated that all doses to
the public at critical receptor locations were, at the 95% confidence level, leas than the NESHAPs
standard .of 10. mrem (0.1 mSv) per year. Critical receptor locations included the Missouri
Highway Mainteriance Facility, Busch Memorial Conservation Area, Francis Howell High School

COE/OR/21642-730, Rev. ¢
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and Annex, the WSSRAP- adnumstratmn building, the nearest” gquarry residence, and the'
Department of the Army Welden Spring Training- Area (Figure 6-1). Statistical. anaiys;&_ of
NESHAPs monitoring results indicated that all stations were indistinguiishable from backgmumti',-

Environmental monitoting for ashestus was nut peufurmﬂd durmg 1997 because to -
asbestos abatement work was conducted :

NPDES Monitoring

In 1997, surface water runoff at the chemical plant transported uranium from the site
-through six major discharge routes-that are identified-in Section 7-6f this report. - Radienuchde
release estimates were calculated on the basis of the activity of uranium. The estimate of uranjum
released to water was 7.39E-3 Ci (2.7E8 Bq) (1 g) for U-234, 0.001 Ci {1.28E9 Bq} {0.16 kg) for
U-235, and 7.32E-3 Ci (2,7E8 Bq). (22 kg) for U-238. Section 11, Special Studles, prcmdes
-additional details regarding release of uranium in surface water.

Annual average uranium concentrations decreased at storm water Outfalts NP-0002 and
NP-0005. Decreases at both cutfalls are attributed to partial or complete remediation of the
watersheds during the year. The increase at Outfall NP-0003 15 attributable to the sterage of
contaminated materials in Ash Pond and the active remediation upstream of the outfall. The
average concentration increased slightly at the site water treatment plant and decreased slightly at
‘the quarry waier treatment pl&nt These changes are attributable to normal variations in plant
operation. :

The annual average uranium concentration decreased at storm water Outfall NP-0010.
The decrease is attributable to the remediation of the North Dump area for the construction
material staging area (CMSA) that was completed in 1596.

Missouri River sediment was monitored during 1997 in support of site and quarry water
treatment plant operations, Sediment samples were taken from the river both up and downstream
of the treatment plant discharges and analyzed for uranium. The sample results indicate that the
treatment plant discharges have caused no increase in uranium concentrations in river sediment,

‘Surface Water

Surface water monitoring in 1997 indicated that .contaminant concentrations were within
historic ranges.

Groundwater

The groundwater monitoring program included extensive monitoring for radiological and
chemical compounds. Radiological results for the St. Charles County well field remained within

LOE/ORS21548-730, Ray, O
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background levels. No detectable concentrations of the six nitroaromatic compounds of congern

“were found in groundwater monitoring wells south o%‘ the Femme Osage Slough, including the
well ﬁeld which is near the quarry.

Enwmrmnentai groundwater monitoring indicatés that cummﬁnatihn is still present. v the
bedrock of the quarry rim and in the aibiwial materials.and bedrock north of the Femme Osage
Slough. Some samiple locations. nearest the quarry show ‘decreases in nitroaromatic compounds

- and l'adlﬂlﬂglf.‘al parameters. Thisis likgty due to source (quarry bulk waste} removal,

At the chemical plant, the volaxde organic compounds tm:hlumethana and dichloroethane
were detected in- groundwater in-the vicinity of Raffinate Pits 3 and 4. An investigation to

~ determine the extent and sources of the volatile compound contamination has been ongoing:since
Aprit 1996, Uranium, sulfate, nitrate, and nitroaromatic compounds in groundwater and springs

remaiiied aear historic ranges. High concentrations of uranium typically occur in groundwater
wells near Raffinate Pit 4 and at the southeast comer of the chemical plant. Contaminant
transport continued to be primsrily confined to the upper weathered zone of the bedrock aquifer
at the plant; however, uranium concentrations in one unwea;thered zene location east Bf Raffinate.
Pit 3 increased during 199? ' '

The DOE has completed the first year of wetland monitering at the DOE-funded
mitigation wetland cemplex located on the August A. Busch Conservation Area. Menitoring of
this wetland will contirme through 1999, Preliminary results indicate that vegetation and soil
characteristics at the site make it highly suitable for development of a viable wetland.

DOEOR/ZTE4B-730, Hev. 0
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ABSTRACT

This Site Environmental Report for Calendar Year 1997 describes the environmental
monitoring programs &t the Weldon Spring Site Remedial Action Project (WSSRAF). The
objectives of these programs are to assess actual or potettial exposure to contaminant effluents
from the project area by providing public use scenarips and dose estimates, to demonstrate
compliance with Federal and State permitied levels and regulaiions, and to summarize irends
and/or changes in contaminant concentrations identified through envitonmental monitoring,

In 1997, the maximum total effective dose equivalent (FEDE) to a hypothetical individual
who was employed full-iime at the nearby Missouri Highway Transpertation Department
(MHTD) maintenance facility was 2.5 mrem (0.025 mSv). The maximum TEDE to a hypothetical
individual at the boundary of the Weldon Spring Quarry was 0.00] mrem (1.0E-5 mSv). The
maximuym TEDE to a hypothetical individual who frequents the Weldon Spring Vicinity
Properiies was 0.46 mrem (4.6E-3 mSv). These estimates are below the U.S. Department of
Energy requirement of 100 mrem (1 mSv) anaual tatal effective dose equivalsnt for all exposure
pathways.

The combined collective population dose equivalent for the population assumned to-
frequent the Busch Memorial Conservation Area (160,000 individuals) and employees of the
MHTD facility (nine individuals) and WSSRAP adminmistration building (300 individuals) was
.13 person-rem {1.3E-3 person-Sv). Results from radiolegical air monnioring for the National
Emission Standards for Hazardous Air Pollutants (NESHAPs) program indicated that all
estimated. total effective dose equivalents were less than the U.S. Environmental Protection
Agency (EPA) standard of 10 mrem (0.1 mSv) per year.

Comprehensive monitoring indicated that emissicns of radiclogical compounds in airborne
and surface water discharges from the Weldon Spring site consisted primarily of Rn-220 gas,
1sotopes of thorium and radium, and natural ueanium. Airborne Rn-220 emissions were estimated
to be 42 Ci {1.6E12 Byg), while emissions from a combination of thorium, radium, and natural
uranium isotapes to air and surface water were estimated to be 0.018 Ci {6.7E8 Bq), for a total of
25,000 g (25 kg}. There was no measurable impact to any drinking water source.

Concentration limits are set for water pollutants in the National Pollutant Discharge
Elimination System (NPDES) permits. Parameters were in compliance with the permit limits
except on five occasions. Exceedences for settleable solids ocomrred at Qutfall NP-0002 in
February and August. There were also three exceedences of the BOD limit at NP-0006 {(sewage
treatment plant) during April.

DOE/AORFH548-730, Ray, O i -




- ANELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1097 s

TABLE OF CONTENTS

SECTION AGE

1.1 Site Description.... U PP PSP U PO RO PO RSO U RO PTPTRPRROD
1.2 Site History... ettt oee s ereaeaten st eeie e e e e e en e e e a b e e et e e st et ens &
1.3 Geology and Hydmgeulﬂgjr 7
1.4 Surface Water Systemandl_]se e ee e st es s a bt e e e e e e s e entesrennrnnae §
1.5 Ecology ... SOOI
1.6 Climate .. - U VOO U PUUTUT PO UPUPURPUPPURORPOR L4,
1.7 Land Use and Demography S |
2. ENVIRONMENTAL PRDTECTIDNIRESTDRATIDN PR.DGRAM UVERVIEW .14
2.1 PrujectPurpose 14
2. 3 Environtnetital Mﬂmtnnng Hugmm Dverwew TN UT OO RUPUPRUPPTRPTURO L
2 4 Project Accomplishments in 1997 15
2.4.1 Welden Spring Chemical Plant Dperah[e Umt UUTURUTURUPTOUPPUPUTUPTURRRPP | :
2.4.1.1 Site Water Treatment Plant . . lﬁ
2412 RCRA/TSCA Storagelﬁ
2413 Disposal Cell.. o e e ene e LD
2ATACSS Full Beale . ... oo nnne 3T
2415 Raffinate PIEs .........c.ooooveie e e e e BT
2.4.1.6 Mixed Waste........coooverveoeior et 1B
24.1.7 Lake 36 .. PP .
24EWeldnnSpnngQuarryBull{WaslesD]}erableUnn SO PR PSRV PRPRRPPRPPRPRI b
- 2.4.2.1 Quarry Water Treatment Plant ... e 19
2.4.3 Weldon Spring Quarry Residuals Operab}e let USRS TUTUUUPUPRIPRPTI .-
2.4.4 Weldon Spring Groundwater Operable Unit ... 20
2.5 Incident Reporting - Environmental Occurrences in 199? USRS SUSURURURURURURURPONSY) |
2.6 Special DOE Order Related Programs.... ettt ee e en e e et B2
2.6.1 Groundwater Protection Management Prngra.m U S UUUPURPTRPRTIR ..
2.6.2 Meteorological Monitoring Program ... 22
2.6.3 Surface Water ManagementhgmmEB
2.6.4 Radiation Protection PTOETAM .........c..coooiiiiiriinieciie e e e b 23
2.6.5 Waste Management Program..............cc.eoee a0 TP PP PP 23
266 Waste Minimization/Pollution Prevention Program. ... .ccovoveevooroe e, 24

DOEQRIZ1548-730, Rev, 0 1]




- TWELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1957 25

. TABLE OF CONTENTS

SECTION | PAGE

3.1 Compliance Status for 1997 .. PP PUPURURID .
3.1.1 Federal and State Regulatorj.rﬂomphance et ae e rn e e rnt e s e aeneeeres 2O
3.1.2 DOE Order Compliance ... e 30

3.1.2.1 DOE Otder 5400.5, Radlatmn Prcrtentmn uf the Pubhl: andthe Enwmmnent ....... 30
3.1.2.2 DOE Order 5820.2A, Radioactive Waste Management ... PR
3.1.2.3 DOE Order 5400.1, General Environmental Protection Prugram...............,.......... 31

3.2 Current Issues and ACLONS. ...........c.ccoivrivrier i et es s st resr s ressisatsensarasr e, 31

3.2.1 Current Issues .. - PR 5 |
3.2.1.1 National Enussmn Standards fc-r Hazarduus Au' Po]lutants Compllance .31

3.3 Summary of Permits for 1997... 32

3.4 Site Mitigation Action Plan ........... e res e ran e ee e e et n L ee e e e e e e asnes e 32

4,1 Highlights of Ait MOIONNE .......cvievies e eas e e e en e ene s ennes 380

4.2 Radon (vas Monitoring Prugram SO USROS .
4.2.1 Program Overview ... _35
422Apphcable Standards T PSP O TP SRR P SRR UUSPURRPUPURUUPOUPPRY - |
4.2.3 Monitoring Resuits. ... 42
42 4 Data Analysis . - P PRSP VROPRPRIRTNY ¥ |

4241ChemmalPlant andRaﬂinatePlts OSSO U PP 1
4.2.4.2 Quarry ... O
42430&'—511:31_,0:331;10113 PO POPPTP T |
4.2.4.4 Five-Year Trend ﬁnalysm uflntegmted Radc-n Gras 51

4.3 Gamma Radiation Monitoring ... PP PO TUP PO TUPPUPDUIRRTRI. 1 |
4.3.1 Program Overview . .. 51
4.3.2 Applicable StandardsS3
43,3 Monitoring Resuls. ..ottt 33
4 3.4 Data Analysis ., OO PO U PP PU PP UPURUPTUUPRIPRRP. X.

4.3 .4.1 Chemical Plam;f’Ra.ﬂinatePits S SO P PPOUR..
4.3.4.2 Quany ... O
4.3.4.5 Off-Site Lucatmns .. e et e et e e v rn s et nr e e
4.3.4.4 Five-Year Trend Anal},r‘s&s cf'ELDs R T U PR TR TR 1 |

4.4 Radioactive Air Pariiculate Monitoring. ... 55
4.4.1 Program Dverwewiﬂ
4.4.2 Applicable StANAArS. ........coo.ooeeie e e ern s 5T
4.4.3 Monitoring Remults. ... ... s 3T

DOEORZ1 548 730, Rey, 0 i




- WELBON SPRING SITE-ENVIRONMENTAL REPORT FOR SGALEMDAR YEAR 1857

TABLE OF CONTENTS

4.4 4 Data Analysis. .. -
4.4.4.1 Chemical Planb’Raﬂinaxe Pits ..

4442 Quarry ...

4.4.4.3 OfE.Site Locations. ... '"'""ﬁﬁ',ﬁ.'I.'I.'fﬁ.'ffﬁﬁfiﬁ',f,'fﬁ,'fﬁﬁ.f'..fﬁﬁ:ZIZIZI.fjI'.QZIQZIﬁjﬁﬁjﬁﬁﬁﬁﬁfﬁﬁﬁfff
4.5 Airborne Asbestos Momtnnng

5.1 Highlights ...
5.2 Pathway Anal'ys:s

'3 Radiclogion Rdease Emmteﬂ O O OO TP

5.3.1 Airborne.Radiological Rﬂleases

5.3.2 Waterborne Radmlng;lcai Releases
5.4 Exposure Scenarios. ..
5.5 Dose Equivalent Est:lmate.s

PAGE

... 58
e 38
1.
...58
.59
60
e 60
... 60
e 62
.62

... 62

.62
.64

5.5.1 Radiation Dose Eqmvalem me the Ch&\mcal Plant and Rafﬁnaxe P1ts to a

Hypothetical Maximally Exposed Tndividual...

N.T

5.5.2 Radiation Dose From the Weldon S]erg QI.IH]'T}’ tcr a H}rputhaucal Mmalljr Exposed

Individual

553 Radlatmn Duse me Vlmmty Pmpertles ta a Hypothatlcal Ma.xunall}r Exposed

Individual... e
554 Cnlle:ctwe Pnpulat:lnn Dase
6. NESHAPS PROGRAM ..

6.1 NESHAPs Mumtumlg and Dose Assessment Hﬁghhghts e

6.2 Facility Information...
6.2.1 Site Description ...

6.3.2 Grouped Sources ..
6.3.3 Non-Point Suurces

.67

... B8
.,..,.59
T2
.72
.72

6.2.2 SuuroeDesmptmn
6.3 AT ESSion D ata e et e e
0.3, 1 POUI BUICES . ...e ettt eet e et oo s e v s oee v e re s easee s eesan st e e et s essee et es s en o

.73
.74
.75
.15

6.3 .4 Net Measured Radmnuchde Concentratmns
6.4 D038 ASSEBSITIBI L.....iviiie ettt cater e e et e et et en e et e et et ee e et et eee e
(6,41 Sampling Procediire ...
6.4.2 COMPHANCE ASSESSIMEIIL ... ..vv.osoeeeot oot eee et oesee e et ee et eseseeeaes et e,
6.3 Additional Information. ... et
6.6 Supplemental INfOrMAation ...ttt

76
77
.77
.80
.85
.86

DOEMORZ1548-730, Ray. 0 Y




- WELDON SPRING SITE ENVWIRONMENTAL REPORT FE.I_RGALENEIM-YEA.R 1847 Bi25/08

TABLE OF CONTENTS

SECTION PAGE

6.6.1 Collective Population Dose and Airborne Release Estimates................ccccceceeee... 86
6.6.2 Subparts Q and T of 40 CFR 61 .. SO UR U PRPPUR - ¥ J
6.6.3 Radon Emissions from WSSRAP Nﬂﬂ-S‘LUragﬂ Snur::es ............................................. a7
6.6.3.1 Rn-220 Enussions .. PSSP PRSP PR PR PR RRPRRNORRPRPRPRE | ¥ |
£.6.3.2 Rn-222 Emissions .. e e et a1, B9
6.6.4 Effluent Monitoring Reqmrements OO TUR U U TUROURURTORUIOR . .-
7. SURFACE WATER PROTECTION... 9{}
7.1 Highlights of the Surface Water ngram ......................................................................... o)
7.2 Program Overview ... Cevrrrarn PSSO PRPUPRRURNSSURRR. |
7.3 Applicable Standards .. SO OTOTUPTURORTOTTOTOTTOTPOOMUIPPPINUE. ) &
?4H}rdmlng}rDescnpunnnfthe SlteandQuany ' TOTTONUNDIORUIORNS. - |
7.4.1 Weldoni Spring Chemical Plant and Weldon SpnngRaﬂinate P]ts TR « " |
7.4.2 Weldon Spring Quarry ... 9‘?
7.5 Monitoring. ... 9?
7.5.1 National Pﬂ]lutant Dlscharge E]munatmn Sjrstem Mﬂmtonng SUTPTUNURTUURUHURS. - ¥ |
7.5.2 Surface Water Monitoring... U « .
7.5.2.1 Weldon Spring Chenncal Plant and Weldﬂn Spnng Raﬂinate Prts e 99
7.5.2.2 Weldon Spring Quarry.... ITORUISIPRUNUORY ISTOTUTNUITORORIPTUTUPIRPPRIING

7.6 Monitoring Results. . ... 100
7.6.1 National Pn]lutam Dlscharge E]]mmamn S}rstem ngram Mumtonng Resuifs . 100
7.6.1.1 Radiochemical Anaiysis. ... enreet et ettt renn e s en e e e sen e e e e sesennienios 10
7.6.1.2 Physical and Chemical Results USSP YUV VTR PRSPPI 11
7.6.1.2.1 Chemical Plant StonnWaxer crresinsemscssinrasiisrasiesrasiness . 106
7.6.1.2.2 Administration Building Sewage Treatment P'lant ......................................... 107
7.6.1.2.3 Site and Quarry Water Treatment Plant Physical and Chemical Parameters... 105
7.6.1.2.4 Hydrostatic Test Water Results... .. RO | 11
7.6.1.2.5 Borrow Area and Haul Road Land D1sturbam:e Rﬁsults e emreanennn, 109

7.6.2 Surface Water Monitoring Results. .. 11':1
7.6.2.1 Welden Spring Chemical Plant and Weldnn Spnng Raﬂinate Plts e, 110
7.6.2.2 Weldon Spring Quarry ... . 111

8. GRDUNDWATERMDNITURNG . 112
8.1 Highlights of the Groundwater Momtunng Prﬂgram PSR PPRP § |
8.2 Program Overview .. 113
8.3 Referenced Standards. . PP RRURURURUS |
8.4 Weldon Spring Chemical Piant .. OO U OSSPSR & | -

DOEQR21548-730, Rev. § vi




TWELDON:5PRING SITE ENVIRONMENTAL-REPORT FOR CALENDAR YEAR 1997

TABLE OF CONTENTS

SECTION

8.4.1 Hydrogeologic DIeScrIPHON. .. .......ouiieiie it e ee e
8.4.2 Monitoring ngram

8.4.2.1 Purpose ...
8.4.2.2 Scope ...

8.4.3 Chemical Plant and Raﬂinate P1t Mdmtdnng Results

8.4.3.1 Groundwater Monitoring Wells...
£.4.3.2 Springs ...
8.4.4 Chemical Plam Trend Ana]yses
8.5 Weidon Spring Quarry ...
£.5.1 Hydrogeology ....
8.5.2 Monitoring ngram

8.5.3.1 Quarry ...
8.53.2 5t Charles COI.;I.I‘II}' WelI F:eld

8.5.4 Trend Analysis...

8.6.1 Monitonng Program.. .

8.6.2 Site Water Treatment Pla,rrt and Te.mpnmrjr Stm’age ﬁrea Mom’mrmg Resuits e

8.6.3 Quarry Water Treatment Plant Monitoring Resulis ...

8.6.4 Disposal Cell Grdundwa;teermtdnng

9. BIOLOGICAL MONITORING PROGRAM ..

0.1 1997BmldglcalPrdgramH]ghhghts

9.2 Program Description ...
0.3 Applicable Standards. ..

04 Aqu&t:chdmtorrmg
D41 Fish MOBEOGNE ...t rn s et e e eas e e sent st s et

9.4.2 Wetland Monitoring ...
05 Terrestrial Monitoring ..

10. ENVIRONMENTAL QUALITY :"!'LS SURANCE PRUGRAM INF DRMATIDN
13.1 Quality Assurance nghhghts
10.2 Program Overview ..

10.2.1 Quality Assuranca Prdgram
10.2.2 Environmental Quality Assurance Pro_]ect Pian
10.2.3 Sample Management Guide ...

PAGE

116
117
e i

- 120

121
.. 121

v 127
e 128
e 135
e 135
8.5.3 Weldorn Spring Quarty Mdmtdnng R&ﬁults
vereere 139

e 142
8.6 Waste Treatment Facilities .
... 149

139

... 149

150
.. 153
158
..-159
159
. 139

... 159

160
160
.. 160

e 162
e 162
N [
e 162

.. 162

163

. 10.2.4 Envircnmental Monitoring and Quahty Assuran-:e Standard Operaatmg Pmcedures 163

DOE/OR/Z21548-720, Rev. O it




Fol i al o)

- WELDOMN SPRING BITE ENVIRONMENTAL REFORT-FOR CALENDAR YEAR 1997 82598

TABLE OF CONTENTS

SECTION PAGE

10.2.5 Evajuation and Presentation of Data. ... ... 163
10.2.6 Independent Assessments and Appraisals...............c.ccoooviviiivcine e 164
10.2.7 Subcontracted OfF-Site Lahuramries Prugrams 164
10.3 Applicable Standards. .. - ST TP UUPUTUTUPURUPITI L~
10.3.1 Analytical and Field Measutement Methudo]ag]es SOOI 1. - |
10.3.2 Quality Control Samples.... O O OO 1 =
10.3.3 Accuracy, Precision, and C-::-mp]eteness erresties et et e enseer et ens e estonee e LOS
10.3.4 Preservation and Security of Documents a.nd Recﬂrds S PUPPUUUOPTR I - .
10.4 Quality Assurance Sample Results.... B PP I &
10.4.1 Duplicate Results Evaluatl{:-n 165
10.4.2 Blank SampleResultsEvaluatmn 167
10.4:2.1 Trip Blank Evaluation ...... .,168
10.4.2.2 Field Blank Evalnation ... - S P PRP PP PRPPUPPPPRURPOR I -
10.4.2.3 Equipment and Bailer Blank Evaluaunn v et eneenrsa e srenrnientesseneenranses 108
10.4.2. 4 Distilled Water Blank Evaluation... TP UP PP PR PYPUTUPUPURTPD ' ¢
10.5 1997 Data Validation Program Summaqr 171
11, SPECIAL STUDIES ... e SO PP B .
11.1 Off-Site Migration anramumm Storm Water v 178
11,2 Baseline Mﬂmmnng at NPDES Qutfalls NP-EI{:-DE NP UG{B a,nd NP-ﬂlZI{}S ren 183

APPENDIXES
A Unpublished Dacuments

B Assumptions and Scenarios for Dose Calculations
C Distribution List

DOEMQRAZT1S46-T30, Rey, 0 wiil




T WELDSHN SFRING S{TE ENYIRONMENTALR EP'DRT.F'EIR CALERDAR YEAR 1997 B725e8

LIST OF FIGURES

SECTION PAGE
Figure 1-1 Location of the Weldon Spring Site... . 3
Figure 1-2 Weldon Spring Chemical Plant and Raﬂinate P1t Arﬂas e d
Figure 1-3 Weldon Spring Quarry Area... : 5
Figure. 1-4 Physical Features of Weldon Sprmg Area R .
Figure 1-5 Wind Roze for Weldon Spring Metenmlnglcal Stannn Almual 199? e 13
Figure 4-1 Raden and Air Particulate Monitoring Locations at the Chemical Plant Area ............ 34
Figure 4-2 Air Monitoring Locations at the WS8Q Area....... ... 37
Figure 4-3 Off-Site Air MONItOrING LoCBIIONE. ..ot eaes s e e e e 38
Figure 4-4 Background Air Monitoring Station .. v 39
Figure 4-5 Electret Monitoring Locations at the Weldﬂn Sprmg Raﬂinate Prts Area ) |
Figure 4-6 Radon Track Etch Detector 5-Year Trends .. 52
Figure 4-7 Environmental TLI¥5 Year Trends ... U RRURUUU . . .
Figure 6-1 NESHAPS Critical Receptor Momtormg Locatlons 78
Figure 7-1 Surface Water and NPDES Monitoring Locations at the Wcldun Sprmg Chenm::al

Plant and Raffinate Pits. .. 95

Figure 7-2 NPDES Surface Wa;ter Samp]mg Lucatmns at the Weldnn Sprrng Chenncai Plani:
Figure 7-3 Surface Water and NPDES Monitoring Locations at the Weldon Spring Quarry.... 98

Figure 8-1 Generalized Stratigraphy and Hydrostratigraphy of the Weldon Spring Area........... I 14
Figure 8-2 Groundwater Monitoring Locations as the Weldon Spring Chemical Plant and

Raffinate Pits Area. . TP §
Figure 8-3 Spring Momtonng Lucat:lcrns in the We!don Sprmg 51‘:& Area 119
Figure 8-4 Groundwater L{lumtﬂnng Locations at the Weldon Sprmg Qua,rrj.r am:l St Char]es

County Well Field... VORI e 136
Figure 9-1 Fish Sa.mphng Lacatmns e 161
Figure 11-1 Total Annual Uranium Dlscharged at Stnrm Water Dutfa]l NP-E}UGZ e 179
Figure 11-2 Total Annual Uranium Discharged at Storm Water Outfall NP-0003.. ceeeree 18D
Figure 11-3 Total Annual Uranium Discharged at Storm Water Qutfall NP-0005................... 181
Figure 11-4 Kilograms of Urarium Discharged Per Inch of Precipitation .. ... ... 182

DOEMOREIS48-730, Rev. O i




WELDON SPRING SITE ENViRCNMENTAL REPORT FOR CALENDAR YEAR 1997 8/25/08
LIST OF TABLES

SECTION PAGE
Table 1-1 Monthiy Meteorological Monitoring Results for 1997.................ccoiiiiiiiiieennnn 12
Table 2-1 Environmental Occurrences CY 1997 ... SR |
- Table 3-1 Summary of WSSRAP NPDES and Cunstrumon Perm:ts e enes s rians s 32
Table 4-1 1997 Track Etch Integrated Radon Results™ . 43
Table 4-2 1997 Theron Concentrations as Determined Uamg Paired F-tjrpe and M—type Track
Etch Detectors™ .......... OO TSROSO SO USOU O ORURURURURURURRORRTRRY. £
Table 4-3 1997 Electret Radon-222 Resutts™ ... 4R
Table 4-4 1997 Electret Radon-220 Resuits™ ... RO PR PY -
Table 4-3 1997 Environmental TLD Resutts"]' . T
Table 4-6 1997 Radioactive Air Particulate Gruss ﬂlpha Results .. USRS ¥
Table 5-1 Complete Radiological Exposure Pathways for the Weldon Spnng Site ..... et i———— 61
Table 5-2 Radioniclide Emissions to the Environment. .. it B3
Table 5-3 Exposure Scenarios for Weldon Sprmg Site Radmlag]cal Dose EStII'I‘I&tES e B85
Table 6-1 WSSRAP Point Sources ... S SPORPSRY Ju
TFable 6-2 Net Concentrations and Campansun SUTURURUSUUU RPN .
Table 6-3 Exposure Scenarios and NESHAPs Dose Est.‘lmates fcrr ]99? .79
TFable 64 NESHAPs Isotopic Air Monitoring Results with Eﬁ'ectwe Dc-se Equ:walent
Contributions, 1997 . .81
Table 7-1 Weldon Spnng Chemlc-a] P]ant Storm and Samtar;-,r Water (NPDES Perrmt
MQO-0107701) Monitoring Requirements ... .92

Table 7-2 Treated Efffuent Parameter Limits anl:l Momtumlg Raqmremms fﬂl’ Quarry Water
Treatment Plant (NPDES Permit MO-0108987) and Site Water Treatment Plant (NPDES

Permit MO-0107701)*... .93
Fable 7-3 1997 Amual Average NPDES Resu]ts. for the Weldnn Spnng Chermc.al Plant Storm
Water Outfalls .. . . 101
Table 7-4 Site and Quﬂl‘['jf Waxer Treat:rmmt Plant Ammal Averageﬁ fm' Radlum and Thnnmn
{pCi).... 102
Table 7-5 199? Estzlmaied Amlual Release c-f Natural Uramum i"'mm N'PDES Dutfalls .. 103
Table 7-6 Six-Year Annyal Average Uranium Concentrations at NPDES Outfalls . 104
Fable 7-7 MSA, Ash Pond and Freg Pond - 1997 Annual Average Radmlogwal Cuncentratlons
{pCiM.... .. 105
Table 7-8 Ash and MSA P-:Jnd 19’9? Annual Average Che:rmcai Ccmcentratmns (ugfl} . 107
Table 7-9 NP-0006, Sewage Treatment Plant Outfall, Monthly Averages of Penmitted
Parameters .. PO VORPRPRURUURUR 1 V..

DOE/DOR21548-720, Rew, O x




© WELDCHN SPRING SITE ENVIROMMENTAL REPORT FOR %LEND.A.H YEAR 1847 Br2558

LIST OF TABLES

SECTION PAGE

Table 7-10 1997 Whole Effluent Toxicity Test Resulis for the Stie and Quarry Water Treatment

Plants*............. . 108
Table 7-11 Borrc:-w Area Sett]eahle thds {mlfh'hr) : . 108
Table 7-12 Annual - Averages for Total Uranivm (pCu’l) Concentmtmns at Weldon Sprmg

Chemical... 110
Table 7-13 ﬁnnual Avarages fc-r Tc-tal Uramum {pCu"l} a.t Weldﬂn Sprmg Quan‘y Surfa.ce

Water ... : . 111
Table 8-1 Rnferenced Federal and State Water Standards SOOI 115
Table 8-2 Derived Concentration Guidelines for Discharge Waters - L1186
Table 8-3 Annual Fotal Uranium Activities (pCil) Above Elackgmund at the Weldcm Sprmg

Chemical Plant .. : L 121

Table 8-4 Annuad Radmluglcal Isuto‘pe Ammtm (anfl) at the Weldcm Sprmg Chenncal Plant 122
Table 8-5 Annunal Values of Nitrate (mg/l) Levels Exceeding Drinking Water Quality Standard. at

the Weldon Spring Chemical Plant ... . . 123
Table 8-6 Annual Values of Sulfate (mgu"l) Abnve Backgruund at the Weldun Sprmg Chenncal
Plant ... . 123

Tahle 8-7 Annual 199‘? ﬁverages ﬁ')l.‘ Mon:tnmlg Lucat:lons w1th a.t Least Une Datemable
Concentraticn of Nitroaromatic Compounds {pug/1) at the Weldon Spring Chemical Plant. 124

Table 8-8 1997 TCE and DCE Analytical Results Summary ... cereer 125
Table 8-8 Chemical Plant Groundwater Wells Nitrearomatics Trend Analyms Summar},r . 129
Table 8-10 Chemical Plant Groundwater Wells Total Uranium Trend Analysis Summary . 131
Table 8-11 Chemical Plant Groundwater Wells Nitrate Trend Analysis Summary.... e 132

. Table 8-12 Mean Background Values for Quarry Groundwater Monitoring Lucauons ... 138
Table B-13 Anmual Awerages for Total Uranium (pCil} Above Average Bar,kgmund at the
Weldon Spring Quarry ... . 139

Table 8-14 Isotopic Radmnuchde (pCu'l) Concentration ﬁlmual Averages That Excﬂﬂdﬂd Two
" Standard Deviations (Upper 95% Confidence Interval) of Mean Background at the Weldon

Spring Quarry ... .. 140
Table 8-15 Annual Averag&i for Detectable Comtratmns uf' Nitmammatlc Cnmp-::-unds (ugfl}
at the Weldon Spring Quarry.... . . 141
Table 8-16 Annual Averages for Sulfate (mgﬂ) A]mve Average Backgmund ax the Weldon Sprmg
Quarry .. .141
Table 8-17 Sununar}r ﬂf Annual Averages of Radmchenncal Parameters (pCﬂ) for the St Charlf:s
County Well Field... e b e e et e rn e . 142

DOEORT 548-730, Rey, O =




-+ WELDON SPRING-SHITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1097 B2

LIST OF TABLES

ECTION PAGE

Table 8-18 Annual Averages for Sulfate (mg/l}, Arsenic {jig/l), and Barium (ug-"l} in

the St. Charles County Well Field... e cerenienirenees 143

. Tabie 8-19 Quarry Groundwater Wells Nm‘ﬁammancs Trend Analysm Sununar_v vieveen 145
- Table 8-20 Quarry Groundwater Wells-Total Uranium Trend Analysis Summary- .. R
Table 8-21 Guarry Groundwater Wells Sulfate Trend Analysis Summary............ccccoeovveie 145
Table 8-22 Baseline for the Detection Monitoring System at the Weldon Spring Site Water
Treatment Plant and Temporary Storage Area... . 152
Table 8-23 Summary of the 1997 Detection Mnmtnnng Data, f{:-r the Weidon Spnng Sﬂﬂ Water
Treatment Plant and Temporary Storage Area... . 154
Table 8-24 Baseline for the Detection Monitoring S},rstem at the Weldon Spnng Quarry ‘Water
Treatment PLAIT ... .........coocioiiii e rer e ete e e er e e e e en e a e 153
Table 8-25 Suthmary of the 1997 Detection Mmutonng Data for the Welden Sprmg Q:.la.rr},r
Water Treatment Plant . e e e et . 156
Table 10-1 QC Sample Descnpt:mn OO TURUPTURPRPTURURPORUPIURINN -+
Table 10-2 Summary of Calculated Relatwe Percem Dlﬁerences e 107
Table 10-3 Summary of Field Blank Parameter Results. .. PSPPSRI | <2
Table 10-4 Summary of Distilled Water Blank Parameter Results ST UUPIUDTUPURTURURPRRPIPORD U 1
Table 10-5 WSSRAP Validation Sumtnary for Calendar Year 1997 cirevieirnreniresesianinss 171
Table 10-6 WSSRAP Validation Summary for Calendar Year 1997 . e 172
Table 10)-7 Laboratory Accuracy and Precision Summary for Calendar Year 199? ... 174
Table 11-1 Mass of Uranium Discharged from NPDES Storm Water Qutfalls......................... 178
Table 11-2 Average Radiological Concentrations (pCi/l) for Storm Water Outfafls NP-0002,
NP-0003, NP-0005 Baseline Monitoring for September 1994 to February 1965............... 186
Table 11-3 Average Chemical Concentrations {ug/l) for Storm Water Ouifalls NP-0002,
NP-0003, and WP-0005 Baseline Monitoring for September 1994 to February 1995.......... 187

DOE/ORIZ548-730, Ry, xil




AWELDGN EPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1887 Bf25/98

i. INTRODUCTION

.The Weldon Spring Site Remedial Action Project (WSSRAP) iz part of the
U.S. Department of Energy (DOE)} Environmental Resioration Program, one of the remedial
action programs under the direction of the DOE Office of Environmental Management. This Site
Environmental Report for Calendar Year 1997 summarizes the environmental monitoring results
obtained in 1997 and presents the status of Federal and State compliance activities.

DOE requirements for environmental monitoring and protection of the public, the mandate
for this document, are designated in DOE Order 5400.1, General Environmental Protection
Program, DOE Order 5400.5, Radiation Protection of the Public and Ernvironment, and the
implementation guide for DOE Order 5400.5: Emvironmental Regulatory Guide for Radiological
Effluent Monitoring and Environmental Surveillance (Ref. 1),

in 1997, environmental monitoring activities were conducted to support remedial action
under the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA),
the Clean Air Actf (CAA), the National Environmenial Policy Aci (NEPA), the Clean: Water Act
{CWA), and other-applicable regulatory réquirements. The monitoring program at the WSSRAP
has been designed ito protect the public and to evaluate the effects on the environment, if any,
from remediation activities.

The purposes of the Site Environmental Report for Calendar Year 1997 include:

+ Providing general information on the WSSRAP and the current status of remedial
activities.

» Presenting summary data and interpretations for the 1997 environmental monitoring
Progras. : :

+ Providing information regarding ongoing remedial actions.
* Reporting compliance with Federal, State, and local requirements and DOE standards. -
+ Providing dose estimates for radiological compounds as appropriate for the WSSRAP.

¢ Summarizing trends and/or changes in contaminant concaatrations to support remedial
actions, ensure public safety, and maimtain surveillance monitoring requirements.

DBOE/'DR 21548730, Rev_ O 1
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1.1 Site Description

The Weldon Spring site is Jocated in southern 5t. Charles County, Missouri approximately
48 km (30 mi) west of St. Louis (Figure 1-1). The site consists of two main areas, the Weldon
Spring Chemical Plant and raffinate pits and the Weldon Spring (uarry, both located along
Missouri State Route 94, Access to both the site and quarry 18 restricted by locked chain hink
fences with on-site security.

. The Weldon Spring Chemical Plant is a 67.2 ha {166 acres) area that operated--as the
Weldon Spring Uranivm Feed Materials Plamt (WSUFMP} until 1966, Buildings  were -
contaminated with asbestes, hazardous chemicat substances, uranium, and thorium. (Building
dismantlement was completed in 1994.} Radiological and chemical {polychlorinated biphenyls
{PCRBs], nitroaromatic compounds, metals and inorganic ions) contaminants can also be found in
the soil in several areas around the site. The raffinate pits are located on the chemical plant site
and consist of four settling basing that cover approximately 10.5 ha (26 acres) (Figure 1-2).
These pits are radiologically contaminated with uranium and thorium residues and chemical
contaminants including nitrate, fluoride, PCBs, and various heavy metals.

The Weldon Spring Quarry is 2 former 3.6 ha (9 acres) limestone quarry located-south-
southwest of the chemical plant area (Figure 1-3). The quany is essentially a closed basin; surface
water within the rim flows to the quarry floor and into & sump. The amount of water in the sump
vafies in response to quarry water treatment plant operations and precipitation. The quarry bulk
waste removal operation was completed in 1995. The bulk waste contained radiological and
chemical contaminants including uranium, radium, thorium, metals, nitrates, PCBs, semivolatile
organic compounds, nitroarcmatics, and asbestos.

1.2 Site History

From 1941 te 1943, the U.5. Department of the Armmy produced trinitrotoluene (TNT)
and dinitrotoluene (DNT} at the Weldon Spring Ordnance Works, which covered 6,974 ha
{17,233 acres) of land that now includes the Weldon Spring site. By 1949, all but about 809 ha
{2,000 acres) had been transferred to the State of Missouri (August A Busch Memorial
Conservation Area) and to the University of Missouri {agrieiltural land). Except for several small
parcels transferred to 5t. Charles Couaty, the remaining property became the Army training area.

- Through a Memorandum of Understanding between the Secretary of the Army and the
General Manager of the Atomic Energy Commission (AEC), 83 ha (205 acres) of the former
ordnance works property were transferred in May 1955 to the AEC for construction of the
WSUFMP, now referred to as the Weldon Spring Chemical Plant. Considerable explosives

DOEORA21545-730, Rev. O 2
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WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1937 8/26/93

decontamination was performed by the Atlas Powder Company and the Army prior to WSUFMP
construction.  From 1958 until 1966, the WSUFMP converted processed uramium ore
concentrates to pure uraninm trioxide, intermediate compounds, and uranium metal, A small
amount of thorium was also processed. Wastes generated during these operations were stored in
the four raffinate pits.

I 1958, the AEC acquired title to the Weldon Spring Quarry from the Armyy.  The Army
had used it since 1942 for burning wastes from the manufacture of TNT and DNT and digposal of
TNT-contaminated rubble during the operation of the ordnance works. Prior to 1942, the quarry
was mined for limestone aggregate used in the construction of the ordnance works. The AEC
used the quarry from 1963 to 1969 as a disposal area for uranium residues and a small amount of
thorium residue, Material disposed of in the quarry during this time consisted of building rubble
and soils from the demolition of a uranium ote processing facility in St. Louis. These materials
werg contaminated with uranium and radium. Other radioactive materials in the quarry include
drummed wastes, uncomained wastes, and contaminated process equipment.

The WSUFMP was shut down in 1966, and in 1967 the AEC returned the facility to the
Army for use as a defoliant production plant to be known as the Weldon Spring Chemical Plant,
The Army started removing equipment and decontammating several buildings in 1968. However,
the defoliant project was canceled in 1969 before any process equipment was installed. The Army
retained responsibility for the land and facilities of the chemical plant, but the 20.6 ha (51 acre)
tract encompassing the Weldon Spring raffinate pits was transferred back to the AEC,

The Weldon Spring site was placed in caretaker staius from 1981 through 1985, when
custody was transferred from the Army to the Department of Energy. In 1985, the DOE
proposed designating control and decontamination of the chemical plant, raffinate pits, and quarey
as a major project. A Project Management Contractor (PMC) for the Weldon Spring Site
Remedial Action Project was selected in February 1986, 1n July 1986, a DOE project office was
established on site, and the PMC, MK-Ferguscon and Jacobs Engineering Group, Inc., assumed -
contrel of the site on October 1, 1986. The quarry was placed on the Environmental Protection
Agency's National Priorities List (NPL} in July 1987, The DOE redesignated the site as a Major
System Acquisition in May 1988. The chemicat plant and raffinate pits were added to the NPL in
March 1989

A more detailed presentation of the production, ownership, and waste history of the
Weldon Spring site is available in the Remedial Investigation for Quarry Bulk Wastes (Ref. 2) and
the Remedial Investigation for the Chemical Plant Area of the Weldon Spring Site (Ref. 3).
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1.3 Geology and Hydrogeelogy

The Weldon Spring site 1s situated near the boundary between the Central Lowland and
the Ozark Plateau physiographic provinces. This boundatry nearly coincides with the southern
edge of Pleistocene glaciation that covered the northern half of Missoun over 10,000 vears ago

- (Ref 4).

The uppermost bedrock units underlying the Welden Spring Chemical Plant are the
Mississippian Burlington and Keokuk Limestone. Overlying the bedrock are unlithified units
consisting of fill, tep soil, loess, glacial till and limestone residuum of thicknesses ranging from a
few feet to several tens of feet. :

There are three bedrock aquifers undetlying St. Charles County. The shallow aquifer
consists of Mississippian Limestones and the middle aguifer consists of the Ordovician
Kimmswick Limestone. The deep aquifer includes formations from the top of the Ordovician
Si. Peter Sandstone to the base of the Cambrian Potosi Dolomite. Alluvial aquifers of Quaternary
age are present near the Missouri and Mississippi Rivers.

The Weldon Spring Quarry is located in low limestone hills near the northemn bank of the
Missouri River. The mid-Ordovician bedrock of the quarry area includes in descending order, the
Kimmswick Limestone, Decorah Formation, and Plattin - Limestone, These formations are
predominantly limestone and dolomite. Near the quarry, the carbonaie rocks dip to-the northeast
at a gradient of 11 m/km to 15 m/km (58 fi/mi to 79 ft/mi) (Ref. 4). Massive guaternary deposits
of Missouri River alluvium cover the bedrock to the south and east of the quarry.

1.4 Surface Water System and Use

The chemical plant and raffinate pits area is located on the Missouri-Mississippi River
surface drainage divide (Figure 1-4). Elevations on the site range from. approximately 185.4 m
(608 ft) above mean sea level (msl) near the northern edge of the site to 205 m {673 ft) above msl
near the southern edge. The topography of the site i3 gently undulating in the upland areas,
typical of the Central Lowlands physiographic province. South of the site, the topography
changes to the narrow ridges and valleys and shott, steep streams commeon to the Ozark Plateau
physiographic province (Ref. 4). There were eight surface water bodies at the chemical plant area
during 1997 four raffinate pits, Ash Pond, Frog Pond, the chupped wood storage area pond, and
the material staging area (MSA) pond. Portions of Ash Pond were capped in late 1994, and as a
result, Ash Pond does not accumulate waier unless the valve on the discharge structure is closed.
The capacity of Frog Pond was permanently reduced in 1995 when the water level was lowered to
allow remediation adjacent to the pond,
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No natural drainage channels traverse the site, although retnnants of a channel through the
Ash Pond area are present. Drainage from the southeastern portion of the site generally flows
southward to a tributary referred to as the Southeast Drainage (5300 Drainageway) that flows to
the Missouri River.

In the surrounding areas, man-made lakes in the August A. Busch Memorial Conservation
Area are used for public fishing and boating. No swimming is aliowed in the conservation area,
although some may occur. No surface water is used for irrigation or as a public drinking water
supply. The northern and western portions of the site, including the Frog Pond and Ash Pond-
areas, drain to tributaries of Busch Lakes and Schote Creek, which in fumn enter Dardenne Creek,
which ultimately drains to the Mississippi River.

Four sedimentation basing minimize the discharge of sediment from the site during
remediation efforts. One basin is downstream of Ash Pond and collects Ash Pond runoff water as
well ag all waters that discharge at Outfali NP-0003 (see Section 7). A second basin collects most
water from the northeast section of the site and discharges to Qutfall NP-0002. The third basin
collects water from the site water ireatment plant area and discharges to Outfall NP-0005, The
fourth is just upstream of NP-0010 and coilects runoff from a portion of the CMSA.

The Welden Spring Quarry is sitzated on a bluff of the Missouri River valley about 1.6 kin
(1 mi) northwest of the Missouri River at approximately River Mile 49. No direct surface water
runoff enters or exits the quarry due 1o the topography of the area. A 0.07 ha (0.2 acre) pond
within the quarry proper acts as a sump that accumulates both direct rainfall within the quarry and
the groundwater. Past dewatering activities in the quarry suggest that the sump interacts directly
with the local groundwater. Bulk waste removal, which included removal of some sediment from
the sump area, was completed at the quarry during 1995. The surface area of the sutnp remains at
0.07 ha (0.2 acres). The guarry pond is not used for any operational or public water supply and is
maintained by the DOE within an access-controlled and restricted area.

The Femme Osage Slough, located approximately 213 m (700 ft) south of the quarry, is 2
2.4 km (1.5 mi} section of the originai Femme Osage Creek and Little Femme Osage Creek. The
University of Missouri dammed portions of the creeks between 1960 and 1963 during
construction of a levee system around the University's experimental farms (Ref. 5). The slough
receives contaminated groundwater migrating from the quarry, causing increased uranium
concentrations in the slough. The slough is used for recreational fishing,

1.5 Ecology
The Weldon Spring site 1s surrounded primarily by State Conservation Areas that include

the 2,828 ha (6,988 acres) Busch Conservation Area to the north, the 2,977 ha (7,356 acres)
Weldon Spring Conservation Area to the east and south, and the Howell Tsland Conservation
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. Area, an island in the Missour River which covers 1,031 ha (2,548 acres) (Figure 1-4). The
wildlife areas are managed for multiple uses, mcluding timber, fish and wildlife habitat, and
recreation, Fishing comprises a relatively large portion of the recreational use. Seventeen percent
of the area is open fields that are leased to sharecroppers for agricultural production. In these
areas, a percentage of the crop is left for wildlife use. The main agricultural preducts are corn,
sovbeans, milo, winter wheat, and legumes (Ref. 6). The Busch and Weldon Spring Conservation
Areas are open year-round, and the number of annual visits to both areas totals about 1,200,000,

The quarry is surrounded by the Welden Spring Conservation Area, which consists
primarily of forest with .some -old field -habitat. Prior to bulk waste removal, the quarry floor
congisted of old-field habitat containing a variety of grasses, herbs, and scattered wooded areas.
Since bulk waste removal began this habitat has been disturbed. The rim and upper portions of
the quarry still consist primarily of slope and upland forest including cottonwood, sycamore, and
oak (Ref. 5). '

1.6 Climate

The climate in the Weldon. Spring area is continental with wam to hot summers and
moderately cold winters. Alternating warmv/cold, wet/dry air masses converging and passing-
. through the area canse frequent changes in the weather. Although winters are generally cold-and
summers hot, prolonged periods of very cold or very warm to hot weather are unusual. -
Occasional mild periods with temperatures above freezing occur almost every winter and cool
weather interrupts periods of heat and humidity in the summer (Ref. 7).

Long-term metecrclogical records (since 1870) for the St. Louis area were examined to
cbtain information relevant to the Welden Spring site. The average annual temperature is 12.8 C
(55.1°F). The average daily maximum and minimum temperaturgs are 19°C (66.2 F) and 6.5°C
(43.8°F), respectively. Maximum temperatures above 32.2°C (90 F) occur 35-40 days per year.
Minimum daily temperatures below 0°C (32 F) occur about 111 days of the year. Temperatures
below -18°C (0°F}) are infrequent, occurring only 2-3 days per vear. Mean annuza! precipitation in
the area is approximately 94.0 cm (37.0 in.).

Wind data recorded on site since 1994 indicate that prevailing winds are from the south
and southwest. The average recorded wind speed is 2.9 mv's {6.6 mph} from the south-southwest.

The metecrological station located at the chemical plant provides data to support site
environmental monitoring programs. The station provides data on wind speed, wind direction,
ambient air temperature, relative humidity, solar radiation, barometric pressure, and precipitation
accumulation. Data from this station are used to assess meteorclogical conditions and air
transport and diffusion characteristics, which help determine possible impacts of airborne
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contaminant releases. In addition, precipitation data are used to correlate water level fluctuations
and contaminant concentrations in surface water and groundwater wells.

On-site meteorological data recovery exceeded 99% in 1997, The quality of all data was
assured by a qualified off-site meteorologist. Averages and totals are presented in Table 1-1. An
annual wind rose is presented as Figure 1-5,

1.7 Land Use and Demography

The populaticn of St. Charles County in 1997 wag 264,275 - The county's population
1ncreased by about 20% from 1990 to 1997, The two commuznities closest to the site are Weldon
Spring and Weldon Spring Heights, about 3.2 km (2 mi} to the northeast. The combined
population of these two communities in 1996 was 1,265 {Appendix A). No private residences
axist between Weldon Spring Heights and the site.

Francis Howell High School and the Missouri Highway and Transportation Department
are both within 1 km (0.6 i} of the site. Francis Howell High School is about 1 km (0.6 mi)
northeast of the site along Missouri ‘State Route 94. - The school employs approximately 180
facuity and staff, and about 1,850 students attend school there {Appendix A). Students and staff
. generally spend about 7 hours to 8 hours per day-at the school. The buildings are-also used for
other activities; such as athletic events and school meetings. The Missouri Highway and
Transportation Department, located adjacent to the northern boundary of the chemical plant,
employs nine fill-time employees (Appendix A). About 300 ha (741 acres) of land east and
southeast of the high school is owned by the University of Missouri. The northern third of this
land is being developed into a high-technology research park. The conservation areas, operated
- by the Missouri Department of Conservation, employ 40 full-time and part-time employees,
including seasonal help during the summer months (Appendix A).
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Table 1-1 - Monthly Metearolegical Monitosing Resuits for 1507
TOTAL PRECIP AVERAGE TEMP AVERAGE WIND | PREDOMINANT WIND
MONTH {CM) {DEGQREES C} SPEED (M/SELC) DIRECTION

January 5.56 -2.7 3.5 WHW

February 11.58 3.0 3.0 N

March 8.93 B.8 37 S5V

April 716 10.6 32 SSW

May 13.74 18.2 a3 [

June 518 21.9 2.4 5

July 0.58 28.7 2.3 s

August 9.53 245 2.1 S5

September 3.58 203 24 8

October 589 14.2 27 8

Movembeat 10.85 5.3 2.9 SE8W

December 5.38 1.2 3.0 WY

Annual Averagef | 85.88 {33.8in.) 123 {54.2°F) 2.8 (6.4 mph) 58 [11.5%)

Total
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2. ENVIRONMENTAL PROTECTION/RESTORATION PROGRAM OVERVIEW
2.1 Project Purpose

The U.S. Department of Energy {DOE) is responsible for the remedial action activities at
the Weldon Spring site. The program is known as the Weldon Spring Site Remedial Action
Project (WSSRAP}. The major goals of the WSSRAP are to eliminate potential hazards to the
public and the environment posed by the waste materials on the Weldon Spring site and, to the
extent possible, make surplus real property available for other uses.

Remedial actions are subject to U.S. Environmental Protection Agency (EPA) oversight
under the Comprehensive Environment Response, Compensation and Liability Act (CERCLA).
Remedial actions at the site are subject to CERCLA reguirements hecause the site is listed on the
EPA National Priorities List (NPL}). Section 3 of this document further discusses applicable
Federal, State, and local compliance requirements and the current status of compliance activities
.at the Weldon Spring site and incorporating National Environment Policy Act {(NEPA} values into
CERCLA documents as outlined in the secretarial policy statement on NEPA.

2.2 Project Management

In order to manage the WSSRAP under the CERCLA, the proposed strategy for remedial
activities at the Weldon Spring site is organized into the following four separate operable units:
Weldon Spring Quarry Bulk Waste, Weldon Spring Chemical Plant, Groundwater, and Quarry
Residuals. The Weldon Sprng Quarry Bulk Waste Operable Unit includes all wastes deposiied i
the quarry and their removal. The Weldon Spring Chemical Plant Operable Unit includas the
buildings, . soils, raffinate pits, quarry bulk wastes that have been relocated to the temporary
storage arca {TSA), and surface waters within the chemical piant boundary and vicinity
properties. The Groundwater Operable Unit includes the groundwater at the chemical plant and
vicinity areas. The Quarry Residuals Operable Unit includes the quarry proper (post-bulk waste
removal), surrounding areas, surface waters, and groundwaters,

2.3 Environmental Monitoring Program Overview

The overall goal of the WSSRAP is different from that of most operating and production
facilities for which DOE Order 34001, Genmeral Emvirommenial Protection Frogram, was
developed. At the WSSRAP, environmental monitoring is conducted as required by DOE
Order 5400.1 to measure and momtor effluents and to provide surveillance of effects on the
envitonment and public health. In addition to these objectives, environmental monitoring
activities support remedial activities under the CERCLA_  This requires a careful integration of
WSSRAP activities to implemeni all the environmenta! and public health requirements of the
CERCLA, DOE orders, and other relevant Federal and State regulations.

DOR/OR 21548730, Rav. 14
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The WSSRAP also complies with DOE Order 5400.1 requirements for preparation and
maintenance of an Environmental Protection Program Implementation Plan (EPPIP) (Ref. 8) and
an Environmental Monitoring Plan (EMP) (Ref 42). The EPPTP details the programs in place at
the WSSRAP to provide management direction, environmental protection goals and objectives,
the remedial status of the project, and the overall framework of the environmental protection
program at the WSSRAP. The EMP details the schedule and analyses for performing effluent
monttoring and surveillance activities.

The WSSRAP envirenmental protection program involves radiological and chemical
environmerital moritoring and is-separated into two distinet functions: effluent monitoring ‘and
environmental surveillance. Effluent monitoring assesses the quantities of substances in
environmental media at the facility boundary, in contaminant migration pathways, and in pathways
subject to compliance with applicable regulations {e.g., National Emission Standards for
* Hazardous Air Pollutants [NESHAPs]). Environmental surveillance consists of analyzing
environmental conditions within or outside the facility boundary for the presence and
concentrations of site contaminants. The purpose of this surveillance is to detect and/or track the
migration of contamipants. Surveillance data are used to assess the presence and magnitude of
radiological and chemical exposures and to assess the potential effects to the general public and"-
the environment.

The WSSRAP environmenta! monitoring program involves sampling varicus media for.
radiological constituents, primarily U-234, T7-238, Ra-226, Ra-228, Th-230 and Th-232. These
radionuclides are the primary radiological contaminants of concern at the Weldon Spring site.
Radiclogical monitoring is conducted routinely at perimeter locations and at off-site locations
near the chemical plant and quarry for air particulates, ambient gamma radiation, and radon.
Radiclogical monitoring 12 aiso conducted on National Pollutant Discharge Elimination System
(NPDES) discharges, streams, lakes, ponds, groundwater and springs.

Chemical monitering is primarily conducted at the chemical plant and quarry areas, but
also includes monitoning at off-site locations to confirm that no releases have occurred. The
nonradiological compounds included in the routine 1997 monitoring program are metals,
inorganic ions {nitrate and sulfate) and nitroaromatic compounds. Other non-radiclogical
parameters monitored as part of the environmental monitoring program include asbestos at site
penmeter air monitoring locations.

2.4 Project Accomplishments in 1997
Several activittes were completed in 1997 under the overall plan for remediation of the

site. All four operable units were currently active, and major accomplishments for the units are
detailed below.
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:24.1 Welden Spring Chemical Plant Operable Unit
2.4.1.1 Site Water Treatment Plant

Ongoing discharges of treated water .iIlt{] the Misscuri River have consistently been below
the effftuent standards set forth in the conditions of the chemical plant’s NPDES permit. During
1997, 36.3 million liters (9.6 miikion gallons) of contaminated water were treated and discharged.

2.4.1.2 RCRA/TSCA Scorage

The Resource Conservation and Recovery Act (RCRA) and Toxic Substances Control
Act (TSCA) storage facilities, Building 434, and TSA (temporary storage area) , activities
included the transfer and off-site disposal of approximately 10 containers to the K-25 incinerator
in Oak Ridge, Tennessee, Forty-one 4-cu-yd boxes of filtercake were emptied at the TSA. Other
activities included returning nmumerons laboratory samples to the original containers, compacting
approximately 342 drums of radiclogical trash and personal protective equipment (PPE).

.- A contract -was- established -with- Commodore/ASI to perform a Work- Package -+ Organic-
Waste Treatability Study using Solvated Electron Technology.  Contract preparations; -
demonsiration plan finalization, submittal preparations; and on-site training were performed
during October, In November, equipment and personnel were mobilized to the WSSRAP, and the
treatment svstem in the Building 434 A-berm was set up. Wastes to be treated include
polychlorinated biphenyls (PCBs), other chlorinated organic compounds, and non-chlorinated
aromatic unsaturated hydrocarbons present in 39 containers. Treatment requirements are based
upon the specific waste container regulatory status pursuant to RCRA and TSCA. Ten baiches
were treated in December. Pre-tregtment PCB concentrations have ranged from 673 ppm to
1,310 ppm, and post-treatment PCB concentraticns from 0.1 ppm to 72 ppm. PCB destruction
efficiencies demonstrated a range from 91.3% to 99.8%. Treatability study activities resumed in
January 1998,

2.4.1.3 Disposal Cell

Phase 1 of the disposal cell was substantially completed in 1997, Activities included
starter dike and berm construction, placement of liners, Leachate Collection and Remaoval Systern
{(LCRS) piping, and placement of gravel layers.

© Approximately 672,000 cu yd of material were removed from.the Borrow Area (including
the contingency ‘area) for use in disposal cell construction or placement in the megapile, from
which all fiture low perm and commen fill material will be obtained. All areas outside the
stockpiles are graded and reseeded, awaiting final restoration pending release to the Missour
Department of Conservation.
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The WSSRAP-Modified Toxicity Characteristic Leaching Procedure (TCLF) sampling
effort was initiated in May 1997 This effort encompassed the sampling and evaluation of basic
leachate from major waste streams to determine whether contaminant concentrations conform
with the “as low as reasonably anl'uevahle (ALARA) policy. A draft report is —::u:rremly being
completed.

Collection of 1-year baseline groundwater data for the disposal cell compliance monitoring
well network was initiated in January 1997, with quarterly sampling events: platmed and
completed in the first quarter of 1958,

A pilot scale study for treatment of nitroaromatically contaminated soils at the TSA began
in November 1997, The soils were treated in situ through a chemical stahilization and
solidification {C8S8) process, by disking the soil with fly ash and cement. Treatment was
completed in February 1998,

2.4.1.4 CSS Full Scale

The CSS Production -Facility-is-a processing plant with the designated purpose “of-
stabilizing the raffinate sludges currently stored in Raffinate Pits 1, 2, 3, and 4, preparatory to-
their placement in the on-site disposal cell for long-term entombment. The mission of the CS8
Preduction Facility is to blend a mixtre of fly ash and Portland cement inte the raffinate sludges
te produce & grout-like product that will then be placed in the disposal cell. After placement and
hydration, the product solidifies, achieving adequate structural stability and strength,

The contract for the construction of the CSS Production Facility was awarded on
Aprl 22, 1997, to McCarthy Interface. The Netice to Proceed was received May- 13, 1997, By
the end of December, construction of the CSS Plant was 86% complete.

The contract for the dredge support system was awarded to Avisco on August 20, 1997,
The Notice to Proceed was awarded on September 18, 1997.  Approximately 90 pieces
(1,000 linear feet) of contaminated steel, which originated from the building dismantlement, were
used for lateral positioning system vertical supports in Raffinate Pits 3 and 4. Reuse of this steel
was part of the WSSRAP's waste minimization program. -

2.4.1.5 Rafhinate Fits

Bicdenitrification activities in Raffinate Pits 1 and 2 destroyed 275 tons of nitrates that
were bound in raffinate pit sludges. Raffinate Pit 2 sludge transfer was completed in September -
1997, Approximately 4,500 cu yd of residual raffinate sludge were removed from Raffinate Pit 2
and transferred to Raffinate Pit 3. A ramp was constructed to allow drilling equipment to access
the pit bottom for engineering characterization, and 28,863 cu yd of raffinate sludge from the
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-north section of Raffinate Pit-4.-were transferred to the south impoundment basin.  About
48,556 cu yd of unsuitable and contaminated soils were excavated and transported from Raffinate
Pit 4 to the Ash Pond storage area. Raffinate Pit 4 confirmation sampling was initiated in
September. Seven full confirmation units and one partial were completed by December 1997

2.4.1.6 Mixed Waste

The WSSRAP began treatment of mixed wastes under the Federaf Facility Compliance
Act (FFCA) site treatment plan in February 1995, The plan consisted of eight treatability groups;
(1} Aqueous Liquids; {2} Inorganic Shidges and Particulates; {3) Inorgame Debris, Metal, and
Batteries; (4) Contaminated Debris; (5) Liquid Mercury; (6} Reactives and Oxidizers; (7) Organic
Liquids 1; (8) Organic Liquids 2, and (9) Organic Siudges. The following treatability groups
were treated and closed out in the 1996 Annual Update: (1} Agueous Liquids, {2) Liquid
Mercury, (3) and Organic Liquids. Nitroaromatic soils were added during 1996, and new
treatability groups added during 1997 were Orgamic Liquids 2 and Selenium Water.

1. Aquenus Liquids: tr&atnmnt of aqueous liquids was cﬂmpieted prior to 1997,

2.. Inorganic Sludges,-’Par’tlculaws during 1997, five drums from this trea,tabmty grnup were
-freated. : :

3. Inorganic Debris, Metal, and Batteries: no treatment occurred during this reporting
period.

4. Contaminated Debris: the status of this treatability group did not change during 1997.
5. Liquid Mercury: treatment of this waste stream was completed prior 1o 1997.

6. Reactives/Oxidizers: completed treatment of this waste stream in 1997

7. Organic Liquids 1: treatment of this treatability group was completed prior to 19%7.

8. Organic Liquids 2: the TSCA/RCRA portion of Organic Liquids 2 {10 contairers) was
shipped to the K-25 incinerator in Oak Ridge, Tennessee on September 9, 1997,

9. Organic Sludges: the WSSRAP began coordinating acceptance of the Organic Sludges at
K-25, however, due to delays and continued concern from the State of Tennessee
regarding out-of-state shipments, the WSSRAP began pursuing other options and target
dates. A contract was established with Commodore/AST to perform . treatment using
Solvated Electron Technoilogy (See Section 2.4.1.2). Ten batches of organic sludge waste
were treated in December.
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2.4.1.7 Lake 36

Busch Lake 36 was sampled for characterizatton to support engineering remediation
design. Sampling and analysis of lake sediments revealed that the average concentration of 1J-238
in the lake sediment was approximately 12 pCi/g and the highest measured concentration was
approximately 90 pCi/g. As a result of the characterization, the DOE made the decision not to
remove and transport the sediments from the lake to storage areas at the chemical plan: site for
mterim storage prior to placement in the disposal cell ficility.

A meeting between the DOE, the Missouri Eepartment of Conservation {MDC), the
Missouri Degpartment of Natural Resources {MDNR) and the Weldon Spring Site Citizens
Commission was held to discuss the characterization results and the decision not to remove the
sediment from the ake bed due to the lack of contamination above clean up criteria specified in
the Record of Decision (ROD). An agreement was reached to remeve approximately 400 cu yd
of sediment in and arcund the area of the highest measured U-238 contamination in the lake bed.
The sediment was removed and transported {o the chemical plant site of the Weldon Spring site
during the week of Septmlber 8, 199'}' and placed at the unsuitable soils stockpile sontheast nf
the MSA.

2.4.2 Weldon Spring Quarry Bulk Wastes Operable Unit

This opersble unit was ﬂﬂicialljr closed out in April 1997 with the submission of the
Ouarry Bulk Waste Excavation Remedial Action Repm‘ (Rgf 80} to the U.S. Envircnmental

Protection Agency {EPA), Region 7.
2.4.2.1 Quarry Water Treatment Plant

Puring 1997, the QWTP treated and discharged to the Missouri River approximately
10.6 million liters (2.8 mullion gallons) of contaminated waier that met the efluent standards set
forth in the National Pollutant Discharge Elimination System (NPDES) permit for the Weldon

Spring Quarry.
2.4.3 Weldon Spring Quarry Residaals Operable Unit

In July 1997, the draft final versions of Remedial fnvestigation for the Quarry Residual
Operable Unit of the Weldon Spring Site, Weldon Spring, Missouri (Ref. 81) and the Baseline
Risk Assessment for the Quarry Residual Operable Unit of the Weldon Spring Site, Weldon
Spring, Missouri (Ref. 32) were transmitted 1o the EPA, Region 7 and the Missouri Department
of Natural Resources (MDNR) for review. The Remedial Investigation (Ref. 81) presents
mnformation on the nature and extent of contamination. Both documents were issued a¢ final in
February 1998, The Baseline Risk Assessment (Ref. 82) provides a combined baseline assesstent
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of potential human health and ecological impacts that wauld be asscciated with this operable unit
if no remedial action were taken.

On January B, 1998, the draft final versions of the Feasibility Study for Remediol Action
for the Quarry Residuals Operable Unit at the Weldon Spring Site, Weldon Spring, Missouri
(Ref. 81) and the Proposed Plan for Remedial Action for the Quarry Residuals Operable Unit of
the Weldon Spring Site, Weldon Spring, Missouri (Ref. 83) were transmitted to the EPA and
MDNR for review. Comments were received on February 11, 1998, Afier incorporation of
comments, these documents were issued as final in March 1998. The Feasibility Study was
prepared to evaluate potential options for addressing contamination:at the -operable unit in
accordance with the integrated environmental compliance process for the WSSRAP.

Remediation of any of the components of the operable unit for risk reduction is not
indicated based on the assessments from the Remedial Imvestigation and Baseline Risk
Assessment. However, because of the potential for uranium in groundwater in the area of the
quarry to migrate to the nearby St. Charles County well field, the primary objective of the
Feasibility Study was to identify an alternative that would prowde a feasible and cost effective
optien for removing or reducing the amount of uranium that is currently present in the-
groundwater north-of the slough thereby adding to the already protective conditicns in the well
field. The altematives presented in the Feasibility Study are:

Alternative 1: No action

Alternative 2: Monitoring with no active remediation

Alternative 3: Groundwater removal with on-site treatment

Alternative 4 Containment

Alternative 5. In situ treatment using permeable barriers :
- Alternative 6; Groundwater removal at selected areas with on-site treatment

The Proposed Plan wids made available to the public for review and comment from
March 17 through April 22, 1998, A public meeting to discuss the preferred remedial alternative
for this operable unit was held on April 16, 1998. Comments were received by both the State
agencies and representatives of the public.

2.4.4 Weldon Spring Groundwater Operable Unit

The Remedial Investigation and the Baseline Risk Assessment were finalized in July 1997.
The contaminants of potential concern were identified as uraninm, nitroaromatic compounds,
nitrate, snifate, chloride, lithium, molybdenum, TCE, and 1,2-DCE (Ref 84). Contamination in
groundwater is generally confined to the shallow, weathered portion of the uppermost bedrock
unit, the Burlington-Keokuk Limestone,
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. .- The draft Feasibility Study-(Ref. $5).was submitted to the Federal and State Regulatory
Agencies in October 1997 and the draft final report was submitted in April 1998. A review of

applicable technologies and proposed remedial action was presenied in the Feasibifify Study. A

final decision for remedial action for groundwater is pending regulatory review in 1998 and 1999,

2.5 Incident Reporting -~ Environmental Occurrences in 1997

In accordance with DOE Order 5400.1, Chapter I, 2.(b), field organizations are required
to prepare annual summary reports on envirommental occurrence activities and to report this
information in-the annual site environmental report.

In 1997, three off-normal occurrences of an environmental nature werg reported under
DOE Order 232.1A Occurrence Reporting omd Processing of Operations Information.
Tahle 2-1 lists these environmental occwrrences for 1997, and a short description of each
occurrence is provided in the following paragraphs.

Table 2-1 Envirenmental Qccurrances CY 1997

I DCCURRENGCE REPORT HUMEBER.] - ' . . OCCURRENCE DATE SUBJECT OF QCCURRENCE
1987 -00{H1 Qa0say MNPDES violation at Cutfall NP-002
19070000 Q8M5a7 NFDES violation at Outfall NP-002
19970010 oo e eas ' ) . NPDES wiclation at Outfall NP-003 .

Occurrence 1987-0001 involved an NPDES sample that was collected on Febmary 20,
1997 from Qutfall NP-0002. The sample was coliected at 1020 hours and the flow at the time
was very beavy (2900 gpm). Settleable solids were measured at 5.5 ml/lVhour, which is above the
1.0 ml//hour permitted mit. The MDNR was notified. Corrective actions included installing a
silt fence, placing twe sandbags and installing a rock check dam.

Occurrence 1997-0009 involved a sample collected during & 1-in. rainfall event on August
15, 1997 from Outfall NP-0002. The samples results showed settleable solids were 35 ml/thour
with a flow of 341 gal per numute. This is over the permitted limit for settieable solids; therefore,
the MDNR was notified. Letters were submitted to the MDNR. and Missouri State Water
Pollution Control Program office. A meeting was held with MDNR to discuss the permit
exceedence and the PMCs proposed revision to the NPDES permit.

QOccurrence 1997-0010 involved a storm water sample collected at Outfali NP-0003 on

August 15, 1997 from Outfall NP-0003. There was approximately 1 in. of rainfall prior to sampie

colléction. The preliminary results revealed chromium at 2 level of 111 g/l These results were
confirmed September 10, 1997, and the MDNR was notified regarding the NPDES Permit Special
Condition 3 exceedence of chromium.

No reporiable releases occurred during this reporting period.
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2.6 Special DOE Order Related Programs

In addition to the direct program requirements and documentation required under DOE
Order 5400.1, the DOE order specifically requests that other programs be presented in the annual
site environment report, including the groundwater protection management program, the
meteorclogical monitoring program, and the waste minimization and pollution prevention
program, This section also addresses other programs, under DOE Order 5482.1B, such as self
assessments, the radiological contro} program, and the surface water management program at-the
WSSRAP,

2.6.1 Groundwater Protection Management Program

The WSSRAP has a formal groundwater protection and management program in place.

The policies and practices are documented in the Groundwater Protection Program Maorncgement
Planr (Ref. 13). The plan outlings how monitoring programs will be developed toc assess the
nature and extent of contaminants in the groundwater, to evaluate potential impacts on public
health, and to gather data for remedial decisions. All policies pertaining to groundwater
monitoring; including well installation, decontamination, construction, sampling methods, and
abandonment methods, are detailed in this plan. The plan outlines the hydrogeological
characterization: program conducted as part-of CERCLA activities. These include groundwater
sampling, water level monitoring, sug tests, tracer tests, and geologic logging.

The plan is currently in revision and will be referred to as the WSSRAFP Groundwater
Prorection Management Plan, which is expected to be completed in 1998. The revised program
will include those practices and policies described above, as well as recently developed strategies
for implementing site-wide groundwater protection practices and interdepartmental integration of
these practices during all aspects of project management and development. Additionally, the
practices and polictes have been reviewed and revised to comply with the proposed Federal
Regulation 10 CFR 834 Radiation Protection of the Public and the Emvironment, Draft, 1996,

2.6.2 Meteorelogical Monitoring Program

A meteorclogical station 18 located at the chemical plant to provide data to support the
environmental monitoring programs. The meteorological station provides data on wind speed,
wind direction, ambient air temperature, relative humidity, barometric pressure, solar radiation,
and precipitation accunmlation, Data from this station are used fo assess metecrological
conditions and air transport and diffusion characteristics, which determine possible impacts of
airborne releases. In addition, precipitation data are used to correlate water level fluctuations and
contaminant concentrations in surface water and groundwater wells,
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. -Since the completion- of a -system upgrade in August 1994, meteorological data recovery
has exceeded 99%4. An off-site meteorologist provides- monthly data reviews and semianmsal
maintenance and performance checks for the station.

2.6.3 Surface Water Menagemeni Program

The WSSRAP maintains a surface water management program to ensure effective
implementation of policies detailed in DOE Order 5400.5 and documented in the Surface Water
Memagement Plan (Ref.14). This program also incorporates the ALARA concept in the
execution of the program,

This plan identifics existing and potentiai water sources, water quality categories, and
provides the requirements and methodologies for proper control, management, and disposition of
site waters. Erosion and water control, and water management for the quarry and site water
treatrnent plants are also discussed. The key elements of the plan are source identfication,
characterization, moenitoring, engineering controls, and management methods.

2.6.4 Radiation Protection Program

The U.5. Department of Energy issued 10 CFR 835 (Occupational Radiation Protection),
in December 1993 in the Federal Register, 10 CFR 835 seis the minimum acceptable occupational
radiological control standards for DOE facilities. The regulation includes requirements for
contamination control; ALARA practices; internal and external desimetry; facility design and
comtrel; imternal surveillances; instrymentation and calibration; worker training, posting and
labeling, and release of materials from radiological areas.

As of December 31, 1997, the WSSRAP is in full compliance with all applicable sections
of 10 CFR 835.

2,6.5 Waaste Maﬁagement Program

The waste management program involves the characterization, storage, and management
of various chernicals and wastes found on site. Hazardous and mixed wastes are stored in the on-
site RCRA and TSCA storage facilities like Building 434, the TSA and the asbestos storage area
(ASA). Other wastes and materals can be found in all storage areas. There are several satellite
accumulation areas where waste materials are kept in small quantities at the source of generation.
These wastes are later moved to on-site storage areas, dependent on waste types.

This program also encompasses the transportation program, including the packaging and
shipping of hazardous and nonhazardous wastes and samples. During 1997, 977 shipments were
shipped off site, 54 of which were regulated as hazardous materials.
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2.6.6 Waste Minimization/Pollution Prevention Program

The WSSRAP Waste Minimization Program is outlined in the Hasie
Minmimization/'Pollution FPrevention Awareness FPlan (Ref. 16) in accordance with the
requirements of DOE Order 5400.1. Because long-term, volume-specific goals for waste
minimization are not appropriate for nonoperational facilities, the WSSRAP hus adopted ALARA
goals.

- The program is primarily geared toward material substitution and scurce or volume
reduction minimization methods. This is accomplished by evaluating and reviewing atl hazardous
chemicals (as defined by 29 CFR 1926.59) before they are purchased or amive on site, and
recommending alternate materials or applying use restrictions.  Additional methods routinely
emploved at the WSSRAP include removing packaging materials from products before they enter
the radioactive materials management areas, lLimiting waste-generating activities dunng
remediation and treatment, consclidating waste during storage, reviewing design specifications for
possible metheds to minimize waste generation, and segregating waste by waste types. The

- following i a detailed fist ofthe waste minimization activities conducted during 1997. .

e Used PPE is being compacted on site imo 53-gallon containers for .on-site storage.
Compaction of the PPE will reduce the volume of waste placed in the disposal facility.
-During 1997, the WSSRAP generated 342 drums of compacted PPE.

s A surplus material inventory is being maintained for materials and equipment that can be
reused as opposed to buying duplicates or potentially contaminating duplicate products
when they are taken inte the radioactive materials management areas. The inventory
cansists of materials and/or equipment that can be used again,

»  One electrical transformer was sent back to the manufacturer. The parts will be reused.

» Nine nickel/cadmium lead batteries were seat back to the manufacturer for recycling.

* Three hundred and sixty four cu yd of cardboard, 208 cu yd of paper, and 20,800
aluminum cans were collected by a recycler.

» Approximately 70 used tires were sent to & recycler.

s Approximately 300 toner cartridges were sent back to the manufacturer. Money from
recycling cartridges will be donated to the Forestry Department.
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*

- Rensable cotton coveralls are Eeing.lauﬁdﬂed and reused.

The WSSRAP donated approximately 93 computers, 25 monitors, and miscellaneous
computer equipment to & local high school under Executive Order 12821, which aliows
agencies to transfer educationally related Federal equipment to secondary schoals.

The WSSRAP donated approximatety 70 gal of paint products, gas cans, ice packs, and
other miscellaneous supplies to Habitat for Humanity.

Four hundred linear feet of 7 ft chain link fence were no longer needed at Raffinate Pit 4.
Rather than purchasing fence for a new work package, this fence was reused.

A total of 6.8 kg of incandescenmt and 318 kg of fluorescent light bulbs (this includes 137
thermometers and 82 switches} was shipped to a recycler.

Approximately 1920 linear R of rail, six rail switches, and one Army nwle were
decontaminated. Omne thousand linear ft of the rail has been reused on site for the lateral

. positioning. systern vertical supports in Raffinate Pits-3 and 4. The rest of the materials

and the mule were released and donated to the Museum of Transportation.

A total of 16,115 gallons of used oil were sent to a fecycler.

2.6.7 Training

Training is a key element of the emvironmental protection program. Through {raining,

each employee is instructed in the policies and procedures related to environmental protection,

The training program can essentially be broken down into three main areas: (1) reguired

reading, (2} special courses taught on site to convey specific policies or issues, and (3) off-site
courses designed to provide instruction for specific areas. Department managers establish training
matrixes for each employee to ensure a comprehensive understanding of position requirements
and overall policies and program requirements.
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3. COMPLIANCE SUMMARY
3.1 Compliance Status for 1997

The Weldon Spring site is listed on the National Priorities List (NPL), and therefore the
Weldon Spring Site Remedial Action Project (WSSRAP) is governed by the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA) process. Under the
CERCLA, the WSSRAP is subjeci to meeting or exceeding the applicable or relevant and
appropriate requirements of Federal, State, and local laws and statues, such ag the Resource
Conservation and Recovery Act (RCRA), the Clean Water Act (CWA), the Clean Air Act {CAA),
the National Historic Preservation Act {NHPA), the Safe Drinking Water Act (SDWA),
Endangered Species Act, and Missouri State regulations. Because the U.S. Department of
Energy (DOE) is the lead agency for the site, the National Envirommental Policy Act (NEPA)
values must be incorporated. The requirements of DOE Orders must also be met. Section 3.1.1
is a summary of WSSRAP compliance with applicable Federal and State regulations, and
Section 3.1.2 is a summary of the WSSRAP compliance with major DOE Orders.

3.1.1 Federal and State Regulatory Compliance
Comprehensive Environmental Response, Compensation and Liability Act

The WSSRAP has integrated the procedural -and documentation requirements of the
CERCLA. as amended by the Superfimd Amendments and Recuthorization Act (SARA), and the
NEPA, as required by the policy stated in DOE Order 5400.4.

Resource Conservation and Recovery Act

Hazardous wastes at the Weldon Spring site are managed as required by the RCRA as
subgtantive applicable or relevant and appropriate (ARARs), This includes characterization,
consolidation, inventory, storage, treatment, and transporiation of hazardous wastes that
remained on site after closure of the Weldon Spring Uranium Feed Materials Plant (WSUFMP)
and wastes that are generated during remedial activities.

A RCRA treatment, storage, and disposal permit is not required at the site since
remediation is being performed in accordance with decisions reached under the CERCLA
Section 121(e) of the CERCLA states that no Federal, State, or local permit shall be raquired for
the portion of any removal or remedial action conducted entirely on site.

The RCRA was amended by the Federal Facility Compliomee Act (FFCA), which was.
enacted on October 6, 1992, The site treatment plan for mixed waste, which was required by the
FFCA was finalized with a consent agreement with the MDNR in October 1995. The 1997
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- Annual Update 1o the Site Treatment Plan for the Weldon Spring Site (Ref. 72) was submitted to
the MDNR October 15, 1997, The Update included Volume 1: Compliance Plan Volume and
Volume II: Background Volume. It was submitted in accordance with Section 2.3 of the
Compliance Plan of the Site Treatment Plan, The highfights from the npdate included (1) the
completion of treaiment of reactives/oxidizers treatability group, (2) a summary of the progress
and revisions to the treatment options and milestones for the organic sludge treatability group, (3)
the update on the nitroarcmatic soil ireatment, and {4) information regarding the new treatability
groups: Organic Liguids 2 and Selemium contaminated water,

RCRA groundwater monitoring for regulated umits is discussed in detail in Chapter 8.

Claan Air Act

CAA compliance requirements pertaining to the site are found in Title I - Nonattainments,
Title II1 - Hazardous Air Polhitants (including National Emission Standards for Hazardous Air
Pollutants (NESHAPS)) and Title VI - Siratospheric Ozone Protection, NESHAPs dose
calculations for 1997 mdmate the h;ghest receptor acuwty was below the NESHAPs standard of‘
10mrem (0. 1m$v). :

St.-Charles County is classified in the Federa! Register of November 6, 1991, .56 FR 215
as a moderate nonattainment area for ozone. As a moderate czone nonattainment area, the
requirements would affect sources emitting nitrogen oxides (NOy) and wvolatile m‘gamc
compounds (VOCs). At prment these sources do not exist at the WSSRAP.

Under Title IIT, asbestos and radicnuclides are hazardous air pollutants. These standards
egtablish criteria for the control of radionuclide and asbestos emissions. WSSRAP programs for
radioruclides and asbestos are described in detail in Sections 4 and 6, along with the 1997 status
of monitoring.

Clecoy Water Act

Effluents discharged to waters of the United States are regulated under the Clean Water
Act (CWA) through reguiations promulgated and implemented by the State of Missouri. The
Federal government has granted regulatory authority for implementation of CWA provisions to
these states with a reguiatory program that is at least as stringent as the Federal program.

Compliance with the CWA at the WSSRAP included meeting parameter limits set in four
National Pollutant Discharge Elimination System (NPDES) permits. Under these permits, both
effluent and erosion-contral monitoring are performed. Section 7 includes additional details on
the NPDES programs. '
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Floodplain Management

The floodplain management Executive Order 119988, 10 CFR Part 1022 is applicable at
the Southeast Drainage area, which lies in the Missouri River floodplain. A Fleodplains Notice of
Involvement was published in the Federal Register on April 16, 1997, and work has been
completed in this area. '

Rivers and Harbors Act .

Ne work- activity was conducted during this reporting pericd that would fall under the
Act,

Federal Insecticide, Fungicide, and Rodenticide Act

The WSSBRAP maintains compliance with the Federal Insecticide, Fungicide, and
Kodenticide Act. Pesticide storage areas are routinely inspected. Material Safety Data Sheets are
reviewed for all pesticides before they are purchased. The WSSRAP does not currently use
restricted-use pesticides as they do not posses the proper permit/license to purchase these
materials. The WSSRAP must alsc meet State requirements for pesticide application which
outline specific licenses for specific uses of any pesticide. All applications are reviewed for State
licensing requirements. '

Department of Transportation

Pursuant to U.S. Degpartment of Transportation (DOT) training requirements, the
WSSRAP continues to conduct on-site training on hazardous material transportation. The
training targets personnel with responsibiliies for hazardous materials transportation. The
training covers classification of hazardous materials by shipping names, performance based
packaging requirements, requirements for marking, labeling and placarding, and proper
segregation and modes of transportation. Retraining is required every 3 years.

Safe Drinking Water Act
Currently, the Safe Drinking Water Act (SDWA) is not an applicable and /or relevant and

appropriate requirement at the WSSRAP. The SDWA is currently being evaluated for its
applicability to the groundwater and Quarry Residuals Operable Units.

DOB/CR/Z1543-730, Rev, 0 28




WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALEMDAR YEAR 1287 B/2BME

. Emergency Plonming and Comnmunity Right-to-Know Act

The 1995 Emergency Plaming and C’mumf;j;. Right-to-Know Act (EPCRA) Tier O
report was coemnpleted and provided on February 19, 1997, to the local emergency planning
commitiee (LEPC) and to the Missouri State Emergency Response Commission (MERC).

The Toxic Release Inventory (TRI} report was not required due to EPA chang;mg
hydrochloric acid to enly agrosol forms, which the WSSRAP does not use.

Cudtural Resenwroes/National Historic Preservation Act
The annual Federal Archaeological report for 1996 was submitted on January 27, 1997

In February 1997 the site sent a “no effect” letter for area idemtified as the Southeast
Drainage. On March 17, 1997, ihe Missouri State Historic Preservation Office sent the site a
response that they “are not «arn:iﬂalj,r certain that a finding of “no effect” is appropriate...” at that
time they requested an overview describing any agreements that may have been reached since the
WSSRAP was initiated; due to significant turnover of staff including the Director.

- 1In response to the request, & large map of the-entire operation area was developed. Each
ares surveved was identified by separate color coding,

A full Phase I survey of the Southeast Dramage was conducted by Argc:-nne Naticnal
Laboratory (ANL) in March and April 1997,

Dn August 25, 1997, a copy of the report was provided to the Missourt SHPO, along with
a letter reiterating our “no effect” determination. The SHPO did not object to the determination,
which is presumed concurrence, as specified in 36 CFR 800,

No further historic preservation activities took place in 1997.
Endangered Species Act

There was no activity this reporting period.
Engineering Evaluation/Cost Analysis(tEE/CA) for the Southeast Drainage

The EECA for the Southeast Drainage (Ref 70) was completed in August 1996, Under
the proposed action selected in-the EE/CA, specific contaminated sediment in accessible areas of

the drainage would be removed with track-mounted equipment and transported by off-road haul
trucks. Tn November of 1995, the decisicn document for the removal action for the Scutheast
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Drainage (INSIE 584) was finalized authorizing soil removal. The engineering design
specifications and the post-remediation sampling plan were developed in 1957. These documents
designated locations for soil removal, methods for excavation and areas where samples would be
collected to provide data to assess rigk reduction. Soil removal activities were completed in
Jarmary 1998, '

3.1.2 DOE Order Compliance
3.1.2:1° DOE Order 5400.5, Radiation Protection of the Public and the Environment

DOE Order 5400.5 establishes primary standards and requirements for DOE operations to
protect members of the public and the environment against undue risk from radiation. The DOE
operates its facilities and conducts its activities so that radiation exposures to members of the
public are maintained within established limits.

The annual dose to the maximally exposed member of the public as a result of activities at
the Weldon Spring site was below the 100 mrem {1mSv) guideline for all potential exposure
modes. The 10mrem (0.1mSv) annual dose Bimit for -public exposure to sirborne emissions,
excluding radon and its respective decay products as Specified in 40 CFR: Part 61, National -

. Emission Stendards for Hazardous Air Pollutants; was not exceeded in 1997 The apprepriate

dose evaluation techniques were used to-assess 1997 environmental monitoring and surveillance
data in compliance with this raquirement.

The annual average uranium concentrations at all NPDES outfalls were below the derived
concentration guideline (DCG) of an annual average of 600 pCifl (22.2Bq/1}.

Records of all environmental monitoring and surveillance activities conducted at the
Weldon Spring site in 1997.are being maintained in accordance with the requirement of this order.
All reporis and records generated at the WSSRAP in 1597, pursuant to DOE order requirements,
presented data in the units specified by the applicable regutation or crder.

3.1.2.2 DOE Order 5820.24, Radioactive Waste Management

DOE Order 5820.2A establishes policies, guidelines, and minimum requiraments by which
the DOE manages its radiocactive and mixed waste and contaminated facilities. The Weldon
Spring site was in compliance with the applicable portions of Chapter IV management of waste
containing Area 1le(2) by-product material and naturally occurring and accelerator produced
radioactive material, Chapter V (decommissioning of radioactively contarminated facilities), and
Chapter VI {(administrative activities related to the Waste Management Plan [Ref. 20]). The
types of wastes addressed in Chapters T, TI, and I of the Order were not present at the site.
While the term “low level waste” is used in the FFCA site treatment plant abatement order, we
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-expect t0.be able to. clarify -the definition . of these wastes to reflect that they are by-product
materials as defined by DOE Order 5820,2A

3.1.2.3 DOE Order $400.1, General Environmental Protection Program

The WSSRAP cenducted both radiological and nonradiological environmental monitoring
programs at the site and vicinity properties. Environmental monitoring reguired by DOE
Order 5400.1 was conducted to measure and monitor effluents and to provide surveillance of their
effects on the environment and public health.

The WSSRAP was in compliance with Order 5400.1 requirements for preparation of an
Ervironmermal Protection Program Implementation Plan (EPPIP) (Ref 8). The EPPIP details
programs in place at the WSSRAP to provide management direction, environmental protection
goals and objectives, and the overall framework for the environmental protection program at the
WSSRAP. The project has prepared an Emvirommerntal Mowmdtoring Plan (Ref. 42) that is
reviewed annually and revised as necessary.

In addition to the plans develeped-for overall énvironmentsl monitoring and protection,
- the WSSRAP anmually reviews and revises, as necessary, the Groundwater Protection Progrom
Menagement Plon (Ref- 13) and-the Waste Minimization and Pollution Prevention Awareness -
Plepr {Ref. 16). Refer to Section 2.6 for additional details.

3.2 Current Issues and Actions
3.2.1 Current Issues
3.2.1.1 Natonal Emission Standards for Hazardous Air Pollutants Compliance

The WSSRAP has developed a critical receptor menitoring program for compliance with
the requirements of 40 CFR 61 Subpart H. Point source and envirenmental monitoring have been
mandated per 40 CFR 61.93(b)(5), whereby air concentrations are monitored at seven designated
critical receptor locations on and around the Weldon Spring site. The WSSRAP plan is contained
in the Plan for Monitoring Radionuclide Emissions Other Than Radon at Weldon Spring Site
Critical Receptors (Ref. 21), which has been approved by the U.8. Eavironmental Protection
Agency (EPA). The EPA has alsc approved the WSSRAP plan to report annual monitoring
results and effective dose equivalents at critical receptor locations via the anmal site
envirgrunental reports.
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3.3 Summary of Permits for 1997

Various permits were maintasined by the WSSRAP for remedial activities inchiding
NPDES, excavation, and floodplain permits. Table 3-1 provides a summary of all NPDES
permits. Four active NPDES permits covered discharges from the site water treatment plant
{MOQ-01077701), quarry water treatment plant (MO-0108987), storm water discharges from the
Borrow Area and Borrow Area haul road (MO-B100B69), and hydrostatic test water from the
site {MO-G670203). An NPDES construction permit for the leachate collection removal system
of the cell was issued in January 1997,

Table 3-1 Summary of WSSRAF NPDES and Construction Permits
' DATE RENEWAL
DATE DATE OR EXTENSION
PERMIT NO. | (a) | ISSUED | EXPIRED | (%) REQUEST DUE SCOPE AND COMMENTS
MO-0107 701 O | 020394 | 03/04/99 N 09/04/92 Cavers storm water, sanitary, and
SWTP discharges.
MO-0108987 0 | 48094 08MOMES ¥ | 0Moes Covers QWTP discharge.
MO-RI100B68 | O | Os/01/04 | O6M1/87 Y 1211788 Storm water discharges from the
Borrow Area and haul road aperations,
Mo-Ga7o202 | o 11287 [ 102302 | N 02/23/02 Covers hydostatic test water at site,
MO-22-5188 C | Op0efMeT | Q1OTIGZ N 121071 Covers canstruction of ceil leechate
collaction systarm.

(&) Permit type, © = Operating, C = Construction

(b} Permit remeval application submitted N = No, ¥ = Yes.
CWTF  Quarmy water irsatiment plant

SWTF  Site water treatment plant.

3.4 Site Mitigation Action Plan

The progress of the mitigative actions for the remediation of the Welden Spring site is
reported annually in the site environmental report in accordance with DOE Order 5440.1E. Tha
Mitigation Action Plan (MAP) for the Remedial Action -at the Chemical Plant Area of the
Weldon Spring Site (Ref. 18), was developed to present mitigation actions planned in order to-
provide protection for human health and the environment during remedation activities. The MAP
18 reviewed and vpdated annually, as necessary, to reflect site conditions.

Construction activities at the Weldon Spring site are managed by using good engineering
practices for comrol of surface water runoff at, and from, the site. During 1997, four
sedimentation basins and two retention ponds were in place at the chemical plant area during soil
excavation activities Surface water protection during 1997 included erosion prevention and
sediment control and monitoring. Monitoring was conducted at four outfall locations at the
chemical plant, and the requirements of three NPDES permits and the Missowri Clean Water Act
were met during 1997. Further information on compliance issues are provided in Section 7.
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.. - The wetlands mitigation-agreement with the Corps of Engineer {COE) was signed in 1994
to establish a replacement wetland area. Remedial activities at the site have eliminated some
wetlands during 1997. The constriction of the replacement wetland area was completed in
August 1997 at the Busch Memorial Censervation Area in accordance with the mitigation plan.
Wetlands monitoring was conducted by the DOE at the mitigation area in 1997. The resuits of
the first year’s monitoring is reported in the /997 Wetlands Moniioring Report jfor the Weldon
Spring Site Remedial Action Report (Ref. 77).

Topsoils and subseils from the Borrow Area that are being stored for restoration have
been stockpiled at the Borrow Area. Stockpile heights and slopes have been limited to 2.5:1 and
stockpiles have been seeded and mulched to control erosion. In 1997, 60 acres at the Borrow
Ar¢a have been reclamated and seeded with a top seed mix. FErosion comtrol measures are
impiemented at the Borrow Arez and the baul road. Stockpiles are routinely inspecied for
ernsion. Two sedimentation ponds have been constriucted at the Borrow Area, and swrface water
has been monitored to measure the effective removal of settieable materials. Specific NPDES
compliance details for the Borrow Area are provided in Section 7.

During the development of the Bofrow Area in 1996, vehicle and equipment noise levels-
- were monitored to ensure ihat. muisance noise levels remained at acceptable levels. Roeadways:
.were sprayed with water -on-an .as-needed-basis for dust control during. the active construction
periods at the Borrow Area. '

Adr, surface water, and groundwater have been monitored as part of the routine
environmental activities at the chemical plant area. Results of that monitoring are detailed
extensively in this report. '

Eligibility surveys for archeclogical or hisionic sites were conducted on the 30.5m (100 fi)
site perimeter around the chemical plant site, and no sites were found that would require
avoidance or data recovery. Confirmation letters in regard to this decision have been received by
the State Historic Preservation Officer,
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4. AIR MONITORING PROGRAMS

The Weldon Spring Siie Remedial Action Project (WSSRAP) operates its environmental
airborne monitoring and surveillance program in accordance with U.S. Department of Energy
(DOE) Orders and with the Environmental Mowitoring Plan (Ref 42). This section describes
monitoring results for radon, gamma exposure, airborne radicactive particulates, and airborne
asbestos at various site perimeter and off-site locations. A program overview, summary of
applicable standards, actual menitoring results, and an assessment of any associated environmental
impacts are provided below for each parameter mentioned in the plan.

4.1 Highlights of Air Monitoring

» Statistical analysis at the 95% confidence level indicated that three integrated radon track
etch monitoring stations along the chemical plant perimeter and nine stations in the
raffinate pits area {within the site boundary) exceeded annual average background levels in
1997, No annual integrated radon track etch results at critical receptor locations were
statistically greater than background levels. The highest above background integrated

" . radon concentration along the site perimeter was 47% of the derived concentration guide
(DCG) for radon oceurring at Station RD-3001 {northwest of Raffinate Pit 4). :

¢ Staristical analysis at the 95% confidence level indicated that seven modified Rn-220 track
etch monitoring locations excesded 1997 average background levels, including one at the
quarry, three along the chemical plant perimeter, and three in the raffinate pits area within
the site boundary. The highest above background Rn-220 concentration along the site
perimeter was 63% of the derived concentration guide (DCG) for Rn-220, occurring at
Station RD-3001 {northwest of Raffinate Pit 4).

» Environmen:al thermoluminescent dosimeter (TLD) results for 1997 at the chercal plant
perimeter, quarry perimeter, and off-site locations ranged from 52 mrem/year
(0.52 mSvfyear) to 119 mrem/year {1.19 mSv/vear). These resulis are inclusive of
background levels, which totated 59 mrern (0.59 mSy) for the year. Statistical analysis of
the results indicate that at the 95% confidence level six chemical plant/raffinate pit area
stations exceeded background levels. These six stations exceeded background levels by
10 mrent (0.1 mSv) to 50 mrem (0.6 mSv).

« Statistical anaiysis at the 9% confidence level indicated that four low-volume airborne
particulate monitoring stations along the chemical plant perimeter had annnal average
congentrations that exceeded background levels. These four stations exceeded the
104-week background average by 1.9E-16 uCi/ml (7.03E-12 Bo/ml} to 6.2BE-16 pCi/ml
{2.29E-11 Bq/ml}.
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s All 1997 air monitoring Tesults at Francis- Howell High Schoo} (including radon, garma
exposure, and airborne radioactive particulates) were indistinguishable from background.

4.2 Radon Gas Mosgitoring Program
4.2.1 Program Overview

Both U-238 and Th-232 are naturally occurring radienuclides in soil and rock. Radon
gases (i.e, Rn-222, radon, and Rn-220, thoron) are naturally occurring radioactive gases found in
the 1238 and Th-232 decay series, respectively. A fraction of the radon produced from the
radioactive decay of U-238 and Th-232 diffuses from soil and rock into the atmosphere,
accounting for natural background airborne radon concentrations, Radon and theron gases are
produced at the Weldon Spring site from these natural sources as well as from the contaminated
waste materials present at the site,

Airborne raden and thoron concentrations are governed by source strength and dilution
factors, both of which are strongly affected by meteorological conditions. The soil surface
constitutes the largest ‘source of radon -and theron, although secondary contributors include
oceans, natural gas, geothermal fluids, velcanic gases, ventilation from caves and mines; and coal-
combustion. Radon and thoron levels in the atmosphere have been:observed to vary with height-
above the ground, season, time of day, and location. -The chief meteorological parameter
governing airborne radon and thoron concentrations is atmospheric stability; however, the largest
variations in atmospheric radon and thoron occur spatially (Ref. 73).

Two types of track etch detectors are used at the WSSRAP to measure ambient levels of
radon gas: standard "F-type" detectors, which measure a combination of radon and thoron gas
(results are termed "integrated™), and modified "M-type" detectors, which indirectly indicate
ambient Jevels of thoron only. F-type and M-type track etch detectors are used in conjunction to
distinguish radon and theron concentrations by analyzing the relative responise of paired sets of
these detectors at cach monitoring location where they ate deployed.

fn 1997, a pair of standard F-type track etch detectors was deployed at ¢ach of
28 permanent monitoring locations: five at the Weldon Spring Chemical Plant perimeter, two at
the Weldon Spring Quarry perimeter, 14 at the raffinate pits area, and seven at off-site locations.
Track etch monitoring locations are identified with an "RD" prefix and are shown in Figures 4-1,
4-2, 4-3, and 4-4. Monitoring locations are distributed around the chemical plant, raffinate pits,
and quarry perimeters to ensure adequate detection of radon and thoron under varying
meteorological conditions. Locations RD-4005 and RD-4009 monitor background radon and
thoron concentrations. F-type track etch detectors are sensitive to all isotopes of radon and are

deployed guarterly.
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Paired M-type aipha etch detectors were deployed in 1997 at 21 monitoring locations:
five at the chemical plant perimeter, one at the quarry perimeter, eight at the raffinate pits area,
and seven at off-site locations (including two background locations, RID-4005 and RD-4009).

Specific locations are identified on Figures 4-1 through 4-4. These detectors were placed
in conjunction with F-type track etch detectors to distinguish radon from thoron concentraticns.
Using Pearson's method (Ref 49), separate concentraticns of radon and thoron were calculated
for these stations. |

The WSSRAP radon monitoring program also uses electret detectors, which provide more
timely data (biweekly) than the track etch detectors. Like track etch detectors, eleciret detectors
provide a passive means of measuring radon and thoron gas concentrations in air. Twenty-eight
pairs of electret detectors that measure Rn-222 only were placed at the following momtoring
locations: 23 in the chemical plant and raffinate piis area (including three along the chemical plant
perimeter), three at the quarry perimeter, and two off site. Fifieen pairs of electrets that indicate
Rn-220 concentration were deployed at the following locations: 11 in the vicinity of the raffinate
pits and temporary storage area (TSA), two at the quarry perimeter, and two off site (including
one background location, ET-4009). Electrets are exchanged and read biweekly. These
locaticns, designated by an "ET" prefix, are shown in Figures 4-1 through 4-5.

Continuous radon gas monitors and working level moniters {which measure radon
daughters in the air) complete the environmental radon monitering network. Centinucus radon
gas monitors are sensitive to both Rn-222 and Rn-220. A continuous radon gas monitor was
placed at critical receptor monitoring station AP-2001, near the Missouri Highway and
Transportation Department facility during the fall of 1997. Other monitors were placed in on-site
work zones throughout the year to evaluate local airborne levels of Rn-222 and Rn-220 present as
a result of remediation activities. On-site locations included the raffinate pits and TSA.

Working level monitors are sensitive to the short-lived decay products of Rn-220 and
Rn-222. Results are recorded in milli-working levels (mWL)., Working level monitors are used in
work zones in conjunction with continuous radon gas monitors to determine the degree of
equilibrium of radon (or thoron) gas with its decay preducts and the potential radon or thoron
progeny dose to workers. TFhe working level monitors operated in 1997 at the raffinate pits
during periods of remedial action work.

4.2.2 Applicable Standards

As established by DOE Order 5400.5, the DOE annual public dose equivalent limit is
100 mrem (1 mSv) total effective dose equivalent (TEDE).
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Dose limits for the inhalation of radon and thoron progeny and gas, are based on working
levels and concentrations in air, and are addressed independently in the Order. The DCG, which
is a limiting airborne concentration of a specified radionuclide, is specified by DOE 5400.5 to be
3 pCi/l (100 Bg/m’) above background for both radon and thoren in unrestricted {off-site) areas.

4.2.3 Monitoring Results

Table 4-1 sununarzes quarterly and annual average integrated radon concentrations as
measured by F-type track etch detectors. Since raden is naturally occurring, concentrations
measured at each monitoring location were compared to measured background concentrations to
determine whether any significant differences existed at the 95% confidence ievel. Only perimeter
locations with integrated radon concentrations statistically greater than background were
compared to the DCG for radon by subtracting the average anmual background concenfration
from the gross annuial average concentration measured at a piven location.

The results abtained from the pﬁir of F-type track etch detectors at each location were
averaged to determine the quarterly average integrated radon concentration. These averages were

then used to calculate the anncal average integrated raden concentration. The annual standard
deviation reported reflects the error propagated by iaking the sample standard dewiation of the-

mean of each of the quarterly resuits.

- The annual F-type tirack. etch background concentration was calcolated using the
arthmetic average of the twoe background locations. The data yielded an annual background
average integrated radon concentration in 1997 of 0.2 pCi/l (7.4 Bg/m®), This result is consistent
with previous years' monitoring results.

Based on measurements from F-type and M-type track etch detectors at locations where a
combined release of Rn-222 and Bn-220 was suspected, Rn-220 concentrations were estimated
using Peargon's method (Ref. 45). Locations with Rn-220 concentrations statistically greater than
background at the 95% confidence level were compared with the DCG for thoron, Results are
presented in Table 4-2.

The anmmal Rn-220 background concentration was determined to be 0.1 pCifl (4 Bg/m’)
and was calculated using the arithmetic average of the two background locations. Thiy result is
consistent with previcus years’ monitoring results.
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Although results in Fables 4-1 and 4-2 may appear inconsistent for a given monitoring
location, this is to be expected since F-type detectors have a higher response function for Rn-222
than for Rn-220, The supplemental thoron measuring technique using the M-type detectors
provides a better estimate of the thoron contribution to the total radon concentration. Therefore,
for monitoring stations where virtually all of the integrated radon concentration is contributéd by
thoron (for example, see results for RD-3001 and RD-3007, Tables 4-1 and 4-2), the thoron
results uging Pearson's method are larger than the respective integrated results.

Radon concentrations measured by the electret monitors are sumnmarized in Tables 4-3 and
4-4 . Because electret results are obtained biweekly rather than quaiterly (as with the track stch
detectors), they are used primarily as advance indicators of trends in radon/thoron levels at a
given monitoring Jocation, Therefore, track etch results, rather than electret results, are used in
performing off-site dose calculations.

Historical average background concentrations of Rn-222 and Rn-220 gas near the site are
both typically 0.2 pCifl {7 Bg/m®). On-site work zone measurements of bath Rn-222 and Rn-220
gas and progeny indicate elevated concentrations, particularly in localized areas where remedial
actionis ihvolve the disturbance of raffinate sludge or other radium-laden wastes. The maximum
hourly Rn-222 and Rn-220 concentrations recorded on site in 1997 were approximately 49 pCy/l
(1.8E3 Bq/m®) and 527 pCi/l (1.9E4 Bg/m®), respectively. The maximum Rn-222 concentration
was measured in October alongside Raffinate Pit 2, while the maximum Rn-220 concentration
was measured in May in the northeast porticn of Raffinate Pit 4. Monihly average continuous
radon and thoron concentrations ai Raffinate Pit 4 tend to be on the order of two to 10 times
lower than the maximum values reported here. These values are higher than comparable
measurements taken using track etch and electret detectors because the continuous monitors are
placed in the immediate vicinity of work zones, while track etch and electret detectors are placed
along the raffinate pit berms and site perimeter fence. Data collected with continucus radon and
wotking level monitors are sporadic throughout the year because they are collected only during
activities that have the potential to emit radon into the air.

4.2.4 Data Analysis

Statistical analysis of the F-type track etch integrated radon resulis indicated that, at the
95% confidence level, measured concentrations at 12 of the 14 raffinate pit locations were greater
than the combined background station result. The results for other stations were not statistically
distinguishable from background levels.
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Table 4-3 1997 Electret Radon-222 Results™

18T ZND JRD 4TH ANNUAL ANNUAL
GQUARTER GUARTER GUARTER | QUARTER AVERAGE STANDARD
LOCATION Ib|  {pCif}” (pCif _{pGif™ pcinf™ {pcinf* DEVIATION
ET-1002 0.4 0.2 0.4 3.3 .3 0.08
ET-1008 0.5 — — — 0.5 BiA
ET-110G 0.4 - - - 0.4 [
ET-2004 0.3 03 0.5 0.5 .4 0.12
ET-2006 0.3 0.3 0.6 0.3 0.3 0.14
ET-2008 0.2 0.3 0.5 0.2 0.3 0.11
ET-3000 Q.5 D3 0.4 0.3 0.4 Q.08
ET-3001 0.4 0.3 0.5 0.3 0.4 Q.12
ET-3002 0.4 0.3 0.4 0.4 0.4 0.05
ET-3003 Q.3 0.4 - 0.7 0.4 0.5 g17
ET-3004 0.2 0.2 0.5 0.4 0.4 .14
ET-3005 {.3 0.3 {.B 0.4 0.4 .14
ET-3005 .4 0.4 0.6 0.2 0.4 018
ET-3007 0.3 0.2 0.5 0.3 0.3 0.11
ET-3008 2.4 0.4 0¥ 0.2 0.4 .18
ET-3003 0.5 . 0.4 0.3 0.2 0.4 0,18
ET-3010 - 05 0.3 0.6 0.4 0.5 0.12
ET-3011 0.5 0.4 N 0.3 0.3 0.4 .10
ET-3012 0.8 S 0.3 0.2 04 0.27
ET-3013 02 0.3 0.4 03 - 0.3 “bos
ET-3013TEA4 . 5 - - — - 0.5 NfA
ET-3014 03 04 | n& 0.3 04 - 013
ET-3015 0.3 0.4 0.3 0.4 0.3 0.07
ET-3016 0.4 0.3 0.3 0.2 0.3 2.07
ET-3017 0.4 0.2 0.2 0.3 0.3 0.10
ET-2018 0.3 0.3 0.5 0.4 0.4 0.11
ET-4003 0.3 0.3 0.5 0.3 0.4 0.11
ET-4008" O 4 .3 0.5 0.3 0.4 0.1Q
(&) Results include natural background levels.
(b) To convert from pCifl to Bg/m’®, muitiply by 37.
* Background station.

- Measurement not collecied.
A, Ha standard d&vlatiun_calculat&d,
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{b} To canven from pGil to BqJ'm miHiphy by 37.
* Background station,
M/A . Na standard deviation caleulated. .
- Discontinusd or new monitaring location; ho data for this quarter,

8/25/98
Table 4-4 1997 Eisctret Radon-220 Resuls®™
18T 2MD 3RD 4TH ANNUAL ANNUAL
GUARTER | QUARTER | QUARTER | QUARTER | AVERAGE | STANDARD
LOCATION ID|  (pCi}™ pCitf® {peinft (pGCinP {peif® DEVIATION

ET-1002 08 0.8 . 0.8 0.5 0.7 0.15
ET-1010 .3 _ — _ 0.3 N7A
ET-3000 — 3.3 1.1 0.7 1.7 143
ET-3001 — 10.3 23 1.1 47 4,87
ET-3002 — 5.0 i.0 1.5 2.8 1.92
=T.3003 -- _ — 0.5 0.8 WA
ET-3008 3.2 8.5 2.1 0.6 3.2 268
ET-3007 — ~ 36 28 31 0.58
ET-3010 0.8 15 1.2 20 14 0.51
ET-2013 11 24 3.8 31 2.6 7.18
ET-3013TSA 0.8 - — — 0.8 N7A
ET-3015 11 1.7 17 14 15 0.27
ET-3016 0.8 0.9 1.0 0.5 0.8 019
ET-4003 0.4 0.3 6.6 0.3 0.4 018

~ [ET-4009" 0.4 0.2 0.5 0.5 0.4 012
(&) Results include natural backgrnu nd levels,
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Statistical analysis of the M-type track etch Rn-220 results indicated that, at the 95%
confidence level, the annual average concentration at the guarry perimeter staiion was greater
than the background station result. The analysis also indicated that six of the eight raffinate pit
locations exceeded background levels. Results for all other stations were statistically
indistingnishable from background levels.

4.2.4.1 Chemical Plant and Raffinate Pits

Statistical analysis of 12 radon track etch monitoring locations indicated results greater
than background levels. Three of the 12 stations, RD-3001, RD-3002, and RD-3003, are located
along the western chemical plant perimeter near Raﬂinate Pit 4. The remaining nine siations
(RD-3007 through RD-3015) are focated along the berms of Raffinate Pits 1, 2, 3, and 4 inside
the stie boundary. The annusal average concentrannns for these stations exceeded background
levels by 0.2 pCi/l (7.4 Bg/m’) to 6.0 pCi/l (22{1 Bg/m’). These resulis were anticipated, given the
sludge consolidation and excavation activities in the raffinate pits area. The guarterly measured
radon concentrations for all stations ranged from 0.1 pCiAt (3.7 By/m®) to 14.7 pCifl (540 Bg/m™),

Statistical analysis of six Rn-220 track etch menitoring locations indicated annual average
results greatér than background levels. Three of the six stations, RD-3001, 3002, and 3003, are
located along the western chemical plant perimeter near Raffinate Pit 4. The-annnal avesage
concentration for these stations exceeded the annual average background by 0.7 pCi/l (26 Ba/m’)

to 13.9 pCi1 (Slﬂ Bg/m®); The quarterly Rn-220 measurements for all stations ranged from
: {} 1 pCifl (3.7 Bg/m®) to 14.0 pCiAl (520 Bg/m’).

4,2.4.2 Quarry

Statistical analysis of track etch integrated radon monitering resuits from the two quarry
stations indicated that there was no reason to suspect, at the 95% confidence level, that these
results exceeded background levels. However, Station RD-1002 was found to exceed the annual
background concentration for Rn-220, based on a statistical analysis of the annual M-type results,
The annual average concentration for this station exceeded the annual background concentration
by 0.1 pCi/l (3.7 Bg/m’). The quarterly measured results for mtegratﬂd radon frem both quarry
stations ranged from 0.1 pCi/l (3.7 By/m®) 10 0.5 pCLu"l {19 Bg/m’). Quarterly Rn-220 results at
the guarry station ranged from 0.1 pCiA (3.7 Bg/m®) to 0.3 pCid (11 Bg/m®). Although no
remedial actions occurred at the quarry during 1997, the slightly elevated Rn-220 result indicates
that residual thorium contamination may be present at the quarry upper rim area.
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4.2.4.3 Off-Site Locations

Statistical analysis of both track etch integrated radon and Rn-220 monitoring resuits from
off-site locations {shown in Figure 4-3) indicated that there was no reason to suspect, at the 95%
confidence level that measured concentrations at any of the stations were greater than
background levels. The quarterly integrated radon concentration measurements at off-site
locations ranged from 0.1 pCifl (3.7 Bg/mr) to 0.5 pCifl (19 Ba/m®). Quarterly results for Rn-220
at the off-site stations ranged from 0 pCil (D Bg/m®) to 0.4 pC¥l (15 Bq/m’). These results are
similar to results obtained during previous years.

4.2.4.4 Five-Year Trend Avalysis of Integrated Radon Gas

Figure 4-6 shows 5 years of annual average track etch integrated radon concentrations for
the monitoring stations at the quarry, chemical plant, raffinate pits, and off-site locations. These
monitering results inchide natural background radon concentrations. Radon gas levels at the
quarry have maintained a downward trend since the peak of bulk waste removal in 1994,
Conversely, measurements at the raffinate pits have trended upward since 1993, however, no
DCGs were exceeded in 1997, and estimates of emissions through the end of the project indicate
1t reason to believe that DCGs will be exceeded in the fivture (Ref. 75). These upward trends are
attributable to ongoing remediation projects in the raffinate pits. Annual average concentrations
at the chemical plant ares and off site indicate no significant trend.

4.3 Gamma Radiation Munimfhlg
4.3.1 Program Overview

Gamma radiation is emitted from natural, ¢osmic, and manmade sources, The earth
naturally contains gamma radiation-emitting substances, such as uranium, therium, and potassium
(K-40). Cosmic radiation originates in outer space and filters through the atmosphere to the
earth. Together, these twe sources comprise the majority of natural gamma background
radiation, The United Nations Scientific Committee on the Effects of Aiomic Radiation
{(UNSCEAR) {(Ref 33) estimates the typical gamma radiation dose is 35 mrem/year
{0.35 mSv/year) from the earth and 30 mrem/year (0.30 mSviyear) from cosmic scurces. The
total estimated background radiation dose equivalent due to gamma exposure is thus
65 mrem/fyear {005 mSv/vear}.

Gamma radiation was monitored in 1997 using TLDs at 15 monitoring stations: seven at
the site perimeter, one at the guarry perimeter, and seven off site. The lecations are denoted by a
“TD" prefix on Figures 4-1 through 4-5. Stations TD-4005 and TD-4009 measure natural
background at locations unaffected by the site. The TLDs are exchanged and read every calendar
quarter.

DOEIOR21548-730, Rev. O : 81
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4.3.2 Applicable Standards

No specific standard for gamma radiation is stated in the DOE orders. However, DOE
Order 5400.5 specifies that members of the public shall receive less than 100 mrem/year
(1.0 mSviyear) from DOE operations for all exposure pathways, excluding exposure to natural
background radiation,

4.3.3 Monitoring Results

Table 4-5 summarizes quarterly and annual total gamma radiation monitoring results. The
table includes quarterly and annual totals, the annnal sample standard deviation for each siation,
and whether a station's annual monitoring results are statistically distinguishable from background
levels as determined by a one-tailed Student's t-test at the 95% confidence level. As shown in the
table, one detector was damaged or missing during the year, resulting in missing quarterly data for
that station.

Gamma background levels for 1997 were determined by averaging the annual total
measurement from the two background stations. The annual average result from thesé stations
was 59 mrem/year {0.5¢ mSv/year) with a standard deviation of 1 mremvyear (0.01 mSv/year).
This average background is comparable to the UNSCEAR 1982 estimate of 65 mrem/year
(0.65 mSv/year) {Ref. 33).

4.3.4 Data Analysis

Statistical analysis of TLD results revealed that, at the 95% confidence level, six stations
had annual results greater than background levels, These stations included TD-2004 and
TD-2025, located along the northeastern perimefer of the chemical plant, and TD-3001,
TD-3002, TD-3003, and TD-3004, located around the raffinate pits and TSA. The analysis
further revealed that results for all other stations were indistinguishable from background levels.

DOEMORIZ1546-T3), Rev. 0 53
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Table 4-5 1997 Environmental TLD Results™
18T 2ND 3RD 4TH ANMUAL STATISTICALLY
QUARTER | QUARTER | QUARTER | GUARTER | TOTAL STANDARD | SIGNIFICANT
LOCATION | ¢mrem]™ | (mremi? | {mremf® | (mremj? | mremiyr}” | DEVIATION [
WELDON SPRING QUARRY
TD-1002 [ 53 | 154 [ 1486 | 1585 |} 61 | 0.4
WELDON SPRING CHEMICAL PLANT
TD-2004 17.4 17.5 18.3 16.3 70 1 X
[TD-2006 16.4 17.7 14.4 15.8 B4 1
[TD-2025 1B.7 18.8 15.6 17.7 +1] 1 X
WELDON SPRING RAFFINATE PITS
TL-3001 30.0 31.8 18.9 17.5 . 96 ] X
[TD-3002 388 38.2 20.0 19,5 118 11 X
TOD-3003 21.3 243 #1.2 20.0 a7 2 X
TD-2004 16.9 16.9 15.7 19,8 . B9 2 X
- QFF SITE
TD-4001"" 171 - 148 16.4 64 i
TE-4002 14.3 14.0 12.2 14.0 55 1
TD-4003 12.9 14.7 11.3 132 52 1
*TD-4005 15.9 16.6 18.3 14.2 50 2
TD-4007 1567 15.4 14.3 15.2 61 1
*TD-4009 . . 15.1 18.1 . 13.4 14.8 .58 1
TD-4013" - - = 16.4 66 iR
* Danotsz background Ineation, .
{a) Results include naturat kackground gamma radiation,
{b} Ta calculate the annyal total miissing data were replaced with the average of the recorded quarterly
resufts for a given station.
{c} To eonvert from mrem to mSv, divide by 100,
(d} Statl=tical signiflcance is determined by comparing the total annual concentration for 2 monitoring

logatian with the total annual background cancentration, using a ons-talled Student's t-test at the 55%
confidence levsl,

- Mo measurernent taken.

bl Denctes lost or damaged TLD.

4.3.4.1 Chemical Plant/Raffinate Pits

Annual total TLI} garrma radiation measuresments at the chemical plant and raffinate pits
ranged from 64 mrem (0.64 mSv) to 119 mrem {1.1% mSv}. These results are penerally higher
than previous years for these areas due to quarry bulk waste storage at the TSA and remediation
activities i the raflinate pits, including the skidge consolidation work in Raffinate Pit 4 and
excavation of sludge from Raffinate Pits 1 and 2.

4.3.4.2 Quarry

The annual total gamma radiation measurement from TLDs at the quarry was 61 mrem
{0.61 mS8v). This result is comparable to previcus years for this area.

DOE/OR21548-730, Rev, € a4
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4.3.4.3 Off-Site Locations

The annual total gamma radiation measurements from TLDs at off-site locations ranged
from 52 mrem (0.52 mSv) to 66 mrem (0.65 mSv). These results are comparable to previous
years for these areas.

4.3.4.4 Five-Year Trend Analysis of TLDs

Gamma radiation exposure monitoring results for the last 5 years are shown graphically in
Figure 4-7. The graph shows yearly monitoring result totals for the chemical plant, raffinate pits,
quarry, and off-site locations. The results include the natural background dose rate. Resulis
indicate a continued upward trend in measusements around the raffinate pits due to ongoing
remediation work in the area. However, no regulatory exposure limits were approached as a
result of this increase.

4.4 Radioactive Air Particulate Monitoring
4.4.1 Program Overview

Radioactive air particulates are airbome dust particles that contain radioactive
contaminants, Background concentrations of radioactive air particulates are affected by the soil
concentrations of naturally occurring radicnuclides, soil moisture content, meteorplogical
conditions, and geological conditions. Many areas -on site contain sbove background
concentrations of soil contamination, which can resylt in increased airborne radioactive pacticulate
concentrations. Increased airbome radioactive particulate emissions from the site can result from
wind erosion of contaminated soils piles or remedial work activities, such as moving equipment
and vehicles in contaminated areas.

In 1997, the WSSRAP monitored radioactive air particulates weekly at 15 continuous
permanent low volume air sampling stations: seven at the chemical plant perimeter, two at the
quarry, and six in off-site locations. These locations are denoted by an "AP" prefix on
Figures 4-1, 4-2, 4-3, and 4-4. Additional low-volume air monitoring samplers may be deployed
on a temporary basis when current activities warrant their use. The low volume samplers collect
airborne particulates by drawing ambient air at a flow rate of approximately 40 Vminute through
mixed cellulose ester filters with a 0.8C micron pore size. The filters are then analyzed using a gas
flow proportional counter to determine the amount of long-lived gross alpha activity in the
particulates present on the filter surface.
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4.4.2 Applicable Standards

The Weldon Spring site is contaminated with a combination of alpha-emitting
radionuclides, including isotopes of uranium, thorium, and their decay products. The gross alpha
concentrations measured by the low-volume samplers thus include contributions from a wide
array of alpha emitters. The DCGs for inhalation of the radiomuclides found at the WSSRAP are
listed in Chapter III of DOE Order 5400.5,

4.4.3 Monitoring Results

The annual average long-lived gross alpha concentrations and standard deviations for the
15 permanent low volume stations are summarized in Table 4-6. Annval averages were calculated
using uncensored weekly air particulaie analytical results. Uncensored data refers to all results,
ingluding those near or below the minimum detectable concentration {MDC). The DOE
Envirommenial Regulatory Guide for Radiclogical Efftuent Monitoring and Environmental
Surveillance (Ref. 1) requires the use of uncensored data to minimize any bias in arithmetic
averages and standard deviation calculations. Annual results represent the average of up to
52 weeks of data for each monitering station other than the background station (AP-4012). The
reported background result is a 104-week (2-vear) average, which provides a more accurate: lung-
term resuki than if any 52 weeks of background data were used.

Table 4-8 19497 Radicactive Air Pariculate Gross Alpha Resulls
ANNUAL AVERAGE
MONITORING LLONG-LWED QRQSS
STATION ALPHA STANDARD - NUMEER OF
IDENTIFICATION | CONCENTRATION DEWVIATION SAMPLES TOTAL | STATISTICALLY
NUMBER (X1E15 pCUmEF™ | (X1E15 uCimi) | NUMBER QF WEEKS| SIGNIFECANT (X1

AP-2001 1.28 0.381 52/52
&P-2002 147 0.528 £2/52 X
AP-3003 1.90 2.10 . 52152 A
aP-3004 1.67 0.828 £2f52 X
AP-2005 1.53 0.584 51/52 X
AP-4006 1.40 0.431 §1/52
EP-4007 1.24 0473 52f52
AP 008 1.31 0.4 a0/52
WP-1009 1.30 0.427 51752
AP-A01 1 1.31 0.452 52/52
AP-4012™ 1.28 0.540 1047104
AP-4013 1.21 0.564 2252
EF-3014 1.40 0.581 H2f52
AP-1017 1.16 0.416 51/52
&P-2025 1.25 0.388 8752
{a} Indicates background monitoring station. Background concentration is a 2-year average.
{b) The annual average gross alpha concentrations include beckground and wers calculated using

uncensored data, which includes resylts less than reparted minimum detectabls concentrations.
{c) Statistical significance is detarmined by comparing the annual average concentration for a monitoring
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location with the 2-year {104-wesek) backgreund average concentration, using a one-tallad Student’s t-
test @t the 95% confidence leval.
{d) To convert frompiCifml fo Bg/ml, muitiply hv 37,0000,

The typical MDC for low volume air particulate sampling at the WSSRAP is
3.3E-16 pCi/ml {1.2E-11 Bg/mi). This MDC is low enough to allow detection of Th-232, which
has the lowest DCG at the site of 7.0E-15 uCifml (2.6E-10 Bg/ml) (DOE 5400.5). If an
individual inhales airbome contaminants at the DCG for 1 year, the resulting committed effective
dose equivalent is 100 mrem (1 mSv). '

4.4.4 Data Analysis

Statistical analysis of the annual results from the low volume airborne particulate samplers
indicated that four monitoring stations had results ihat were greater than background levels.
Station AP-4012 indicated & 104-week background average concentration of 1.28E-15 uCi/ml
{4.74E-11 Bqg/m),

4.4.4.1 Chemical Plant/Raffinate Pits

The average concentrations at the chemical plani/raffinate pits perimeter ranged from
1.25E-15 pCi/ml (4.63E-11' By/mi} to 1.90E-15 nCi/ml (7.03E-11 Bg/ml). Four monitoring
stations, AP-2002, AP-3003, AP-3004, and AP-2005 were statistically greater than background.
Overall, the chemical plant and raffinate pits results are slightly higher than those measured in
1996,

4.4.4.2 Quarry

The average concentrations at the quarry perimeter ranged from 1.16E-15 pCifml
(4.29E-11 Bg/ml) to 1.30E-15 pCi/ml (4.81E-11 Bg/ml). These results are lower than those
measurad during 1996 and previous years.

4.4.4.3 Off-Site Locations

The average concentrations at off-site locations ranged from 1.21E-15 uCi/ml
(4.48E-11 Bg/ml) to 1.40E-15 pCi/ml (5.18E-11 Bg/ml). These results are similar to those
measured during previous years,
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4.5 Airborne Asbestos Monitoring

Because no asbhestos abatement work occurred at the Welden Spring site during 1997, ne
envirenmental asbestos monitoring was condugted.  Environmental asbestos monitoring will take
place in 1998 as work activities warrant.

DOE/CR2 548730, Ray, 0 58
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5. RADIATION DOSE ANALYSIS

This section evaluates the effects of atmospheric releases and surface and groundwater
discharges of radiological contaminamts from the Weldon Spring Site Remedial Action Project
(WSSRAP). Potential annual dose equivalents to the general public have been calculated and are
presented here. These calculations are compared against U.S. Department of Energy (DOE)
guidelings contained in DOE Qrder 5400.5.

Dose calculations are presented in this section for a maximally exposed individual and a
collective population. The exposure-conditions used in the dose calculations are further discussed
in respective environmental monitoring sections of this report.

Dose calculations related to airborne etnissions as required by 40 CFR 61, Subpart H
(National Emission Stawdards for Emissions of Rodionuclides Other Than Radon From
Department of Energy Facilifies) are presented in Section 6, National Emission Standards for
Hazardcus Air Pollutants (NESHAPS) Program. '

5.1 Highlights

. The largest total -effective -dose equivalemt (IEDE) to a maximally exposed
individual from all pathways combined was 2.5 mrem {0.025 mSv), estimated for
an individual who works full-time at the Missouri Highway and Transportation
Department Maintenance (MHTD) facility. This value represents 2.5% of the
DOE guideline of 100 mrem (1 mSv) above background levels.

. The collective population dose eguivalent was estimated to be 0.13 -person-rem
{13E-3 person-Sv) for users of the Busch Memorial Conservation Area and
employees of the MHTD and WSSRAP Administration Building.

5.2 Pathway Analysis

In developing specific elements of the WSSRAP environmental monitoring program,
poiential exposure pathways and health effects of the radioactive and chemical materials present
on gite are reviewed annually to determine which pathways are complete. This pathway analysis
is detailed in the siie Enviromnental Monitoring Plan (Ref. 42).  As required by DOE Order
5400.1, evaluation of each exposure pathway is based on the sources, retease mechanisms, types,
and probable environmental fates of contaminants, and the locations and activities of potential
receptors. Pathways are then reviewed to determine whether a link exists between one or more
contaminant sources, or between one or more environmental transport processes, to an exposure
point where human or ecological receptors are present. If it is determined that a link exists, the
pathway is termed complete. Complete pathways are used to assess radiological and
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- nonradiological exposures. Each complete phthwa}r is reviewed to determine whether a potential
for exposure was present during the time frame of concern. If this is the case, the pathway is
termed applicabie. Only applicable patiways are considered in estimates of dose.

Table 3-1 lists the six complete patlways for exposure from radiological contaminants
evalnated by the WSSRAP environmental monitering program. These pathways are used to
evaluate monitoring requirements and to determine radiological exposures from the site. Of the
six complete pathways, five were applicable in 1997 and were thus incorporated into radiological
dose estimates. These are Liquid (B), Liquid (C), Airborne {A), Airborne (B), and External.

- Assegsmenis of potential exposure routes in the Feasibility Study for Remedial Action at the
Chemical Plant Area of the Weldon Spring Site (Ref. 69) have shown that the dose potential for
pathways not listed in Table 5-1 ig negligibly small.

Table 51 Complete Radioioglcal Exposure Pathways for the Weklon Spring Site
APPLICABLE TO
EXPOSURE 1997 DOSE
. PATHWAY . PATHWAY DESCRIPTION ESTIMATE .
Liguld{A} - Ingeatlun of gmundwatar frorn local weils downgradiant from the site, N
Liquid{B} Ingestion of gamé and fish inhabiting wikiiife area. ' Y
L LlgulgfEl Ingestion of surfage water and sediments. Y
| Airbarme(A} ~ | Inhalation of particutates dispersed through wind emsnn and ren‘radial Y
action. )
Arborne{B) Inhalation of radon and redon decay producis emitted from ki
. contaminated soilsiwastes.
External Direct garmma radiation from contaminated soilsfwastes. il

: As shown in Table 5-1, the Liquid (A) pathway is not applicable to the 1997 dose estimate
for the WSSRAP. Concenirations of radioactive contaminants in the preduction wells near the
Weldon Spring Quarry are currently comparable to background concentrations (see Section 8.5).
Tn addition, no drinking water wells are located in the vicinity of the chemical plant and raffinate
pits area.

The applicable radiolegical public dose guidelines for the WSSRAP are as follows:

e NESHAPs standard of 10 mrem (0.10 mSv) effective dose equivalent annually due
to airborne emissions other than radon at off-site receptor locations.

. DOE guideline of 100 mrem (1 mSv) total effective dose equivalent for all
exposure pathrways on an annual basis (excluding background).

DOEORZ1548-730, Rev. 0 &1
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3.3 Radiological Release Estimates
53.1 Airborne Radiological Releases

Estimates of radiological releases to air and surface water were calculated for radioactive
particnlates and thoron gas. No release estimate was made for Rn-222 gas because Rn-222
monitoring results at all perimeter stations were indistinguishable from background levels.
Table 5-2 shows the estimated activity release of radionuclides to the environment, the
correspending mass released, and the half-life for each radionuclide.

As shown in Table 5-2, the estimated total off-site airborne Rn-220 release was
approximately 42 Ci (1.55E12 Bq). Raffinate Pit 4 is the primary source of Rn-220 emissions at
the Weldon Spring site. A series of box models was used to estimate the Rn-220 release from the
chemical plant. A box model was also used to estimate the Rn-220 release from the quarry. The
releasc estimates were based on the annual resuhts of three F-type and three M-type radon
monitoring stations at the chemical plant perimeter and one F-type and one M-type radon
monitoring station at the quarry upper iim that were all found to exceed the annual average

background concentration for Rn-220 in 1997, Calculations and assumptions -are: provided in

Appendix B.

Airborne particulate release estimates were calculated based on site characterization data
and low volume monitoring results at four receptors located at the chemical plam perimeter. A
series of box models was used to predict the airbome particulate release rate from the chemical
plant. The assumptions used in estimating airborne releases are shown in Appendix B,

£.3,.2 Waterborne Radiological Releases

During 1997, intermittent surface water runoff transported isotopes of uranium, thorium,
and radium from the site through six major discharge routes. These include two water treatment
plant outfalls and four storm water outfalls (see Section 7). These outfalls were monitored
monthly as required under the site National Pollutant Discharge Elimination System (NPDES).
Natural uranium concentrations measured in runcff’ water were multiplied by the natural uranium
activity ratios for U-234, 11-235, and U-238 (49.1%, 2.3%, and 48.6%, respectively) to determine
the waterborne releases of those isotopes. {All release estimates are based on data in Tables 7-3
and 7-5). All results are listed in Table 3-2.

5.4 Exposure Scenarios
Dose calculations were performed for maximally exposed individuals, collective

population, and critical receptor locations for applicable exposure pathways (see Table 5-1) to
assess dose due to radiological releases from the Weldon Spring site. First, conditions were set to
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Table5-2 Radionuclide Emissiens to the Environment
ACTIVITY OF
ACTIVITY OF RARIONUCLIDES MASE OF
RADIGNUCLIDES RELEASED TO WATER | RADIONUCLIDE HALF-LIFE
RADIONUCLIDE | RELEASED TQ AIR [CI) - {Gi) RELEASED {grams] ¥rs)
M-238 1.589E-5 TAZE-3 2.2E4 4 470D
Li-235 7.59E-T 3 AGE-4 160 7.04E08
|)-234 1.68E-5 7.38E-3 1 _2.46E05
Ra-226 1.BOE-7 6.39E-4 6.5E-4 1.800
Ra-228 1.30E-7 51164 A 4E-6 576
[Th-230 T.84E-B 35TE-4 1. 82E-2 7.54E04
[Th-228 1.22E 8 361iE4 4, 4E-T 1.4
Th-232 1225 3 15E4 2.9E3 1.40E10Q
Rn-222 - MrA, A, 3.82 days
Rn-220 42 MNiA, A 55.6 seconds
Total Activilty 42 1.8E-2 2 5E4 MiA

MAA Mot analyzed for this radicnuclide.
- Mot distinguishable from background at perimeter monitoring locatians.
Multiply by 3.7E10 to convert Cita Bg.

determine the total effective dose equivalent.to a meadmally exposed individual at each of the main
site areas: the chemical plant and raffinate pits area, the quarry, and vicinity properties. .A second
dose equivalent for a collective. population was calculated. A third set of dose equivalent
calculations was-performed to meet NESHAPs requirements {see Section 6.

Calculations using perimeter and off-site monitoring data determined the collective
population dose equivalent to be less than 1 person-rem per year (0.01 person-Sv) from all
pathways combined. Since all air monitoring stations (other than the background station) are
within a 13 km (8.1 mi) radius of the site, and all results measured within this radius are well
below NESHAPs and DOE limits, incorporating a dose calculation for a population within 80 km
(49.6 mi) of the site is unnecessary, Rather, the collective population dose equivalent was
calculated for specific target populations where complete exposure pathways were found to exist.

The scenarics and models uysed to evaluate these radiclogical exposures are conservative
but appropriate. Although radiation doses can be calculated or measured for individuals, it is not
appropriate to predict the health risk to a single individual using the methods prescribed here.
Estimates of health risks are based on statistical models using epidemiological daia collected from
large groups of people exposed to radiation under various circumstances; therefore, they are not
applicable to single individuals. Dose equivalents to a single individual are estimated by
hypothesizing a maximally exposed individual and placing this individual in a reasonable but
conservative scenario. This method is acceptable when the magnitude of the dose to a
hypothetical maximally exposed individual is stnall, as is the case for the WSSRAP. The scenarios
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and resulting csﬁ.mated doses used in the calculations are cutlined in Tabie 5-3. In addition, the
percentage of the DOE limit of 100 mrem (1.0 mSv) TEDE i provided.

The collectivé population dose equivalent estimate, provided in units of person-rem
{person-Sv), is the product of the effective dose equivalent estimate at an exposure poini and the -
number of persons exposed. For the WSSRAP, exposure peints are locations where members of
the public are potentially exposed to above-background levels of airborne radioactive particulates,
radon gas, external gamma radiation, or above-background radionuclide concentrations in water-
or foed, The committed effeciive dose equivalent is calculated by estimating radiomichde
concentrations in the air, water, and food at a given exposure point and applying standard
breathing rates, ingestion rates, and dose equivalent conversion factors. These concentrations and
reasonable exposure scenarios are used to estimate the amount of radioactivity ingested or inhaled
by the potentially exposed population. The contribution from exposure to gamma radiation is
then factored into the collective population dose equivalent.

Al ingestion calculations were performed using the methodology described ‘in
International Commission on Radiation Protection (ICRP) Reports 26 and 30 (Ref 26 and 27}
for a 50-year. committed effective dose equivalent (CEDE}. - Fifty-year CEDE conversion factors
were obtained from the EPA Fedm! Guidance Report Na i {Ref 28).

5.5 Dose Equivalent Esumal:es

Dose equivalent estimates for the exposure scenanios were calculated using 1997
monitoring data. Calculations for dose scenarios are provided in Appendix B. Dose equivalent
estimates are well below the standards set by the DOE for annua!l public E:XPGSUIG and U8,
Environmental Protection Agency (EPA) NESHAPs fimits.

The 1997 TEDEs for hypothetical maximally exposed individuals near the chemical plant
and raffinate pits, quarry, and vicinity properties are 2.5 mrem {0.025 mSv), 0.001 mrem
{0.01 p8v), and 0.46 mrem (4.6 uSv), respectively. These values represent less than 3% of the
DOE standard of 100 twrem (1 mSv) above background for all exposure pathways. In
comparison, the annual average exposure to natural background radiation in the United States
results in a TEDE of approximately 300 mrem (3 mSv} (Ref. 71). The eollective population dose
equivalent is 0.13 person-rem (0.0013 person-Sv) for recreational users of the Busch Memorial
Conservation Area and employees of the Missour1 Highway and Transportation Department
facility and WSSRAP Administration Building  Assumptions are detailed in the following
sections.

DOEORE1348-730, Rev, O B4
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551 Radiaton Dose Equivalent From the Chemical Plani and Raffinate Pits to a
Hypothetical Maximally Exposed Individual '

This section discusses the estimated TEDE to a hypothetical individual assumed to
frequent the perimeter of the chemical plant and raffinate pits and receive a radiation dose by the
exposure pathways identified above. No private residences are adjacent to the site. Therefore, ail
calculations of dose equivalent due to-the applicable pathway of airborne radiocactive particulate
inhalation assume a realistic residence time that is less than 100%. A full-time employee at the
MHTD maintenance facility was considered to be the maximally expesed individual to releases of
radionuclides from the chemical plant area.

The low and high volume samplers and radon detectors near the MITTD facility indicated
no above-background concentrations of airborne radioactive particulates or radon gas. However,
because the annual average environmental TLD result (Station TD-2004) exceeded background
levels for the year, a dose estimate was calculated based on this measurement.

The exposure scesario assumptions are as follows:

. External exposure occurs to the maximally exposed individual while working
putside the MHTD facility near the Weldon Spring Chemical Plant perimeter for a-
total of 2,000 hours per year.

. Net annual gamma exposure rate of 11 mrem/year (for conmtimous exposure),
measured at TD-2004 at the northeastern boundary of the chemical plant. For
1997, continuous exposure time is 8,760 hours.

Based on the exposure scenario and assumptions described above, a maximally exposed
individual working at the METD facility received a total effective dose equivalent of 2.5 mrem
(0.025 mSv) from external exposure.

5.5.2 Radiation Dose From the Weldon Spring Quarry to a Hypothetical Maximally
Exposed Individual

This section discusses the estimated TEDE to a hypothetical individual assumed to
frequent the perimeter of the Weldon Spring Quasry. The only private residence adjacent to the
quarry site is monitored as a critical receptor, and all 1997 menitoting results indicated no above
background exposure pathways. Therefore, all calculations of dose equivalent due to applicable
pathways assume a realistic occupancy time of 5 hours/year, based on a hypothetical individual
whe hikes along the southeastern boundary of the quarry. The 5 hoursfyvear assumption
represents twice the value estimated for hikers at the Weldon Spring Conservation Area (Rell 30).
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Exposure scenario assumptions particular to this dose calculation are as follows:

. No contribution from ingestion pathways was assumed because access to the
quarry was contrelled by 24-hour security and a 2.4 m (8 f) chain link fence
topped with barbed wire. Fishing, swimming, and drinking water from the quarry
pond were not considered to be realistic exposure pathways.

v ‘Net Rn-220 concentration of 0.1 pCifl (3.7E-3 Ba/l), measured at RD-1002 at the
quatTy upper rim.

» Rn-220 daughter equilibrium ratio of 0.5%, based on historical measurements at
the site.

. The individual hiked around the southeastern perimeter of the quarry 5 hours/year.

The total effective dose equivalent to the hypothetical maximally exposed individual at the
quarry was 0.001 mrem (0.0} pSv) from inhalation of Rn-220 daughters,

5.5.3 Radiation Dose From Vicinity Properties to a Hypothetical Maximelly Exposed
Individuval

This section discusses the estimated total effective dose equivalent to a hypothetical
individual assumed to frequent the Burgermeister Spring area of the Busch Memorial
Conservation Area. This scenario provides a conservative but plausible exposure assessment. No
private residences are adjacent to Burgermeister Spring (it i3 sifuated on land currently managed
by the Missouri Department of Conservation [MDC]; therefore, the calculation of dose equivalem
due to the applicable pathway of water ingestion {Liquid C) assumes a realistic ocoupancy time of
one day per week. This scenaric is based on a hypothetical individual who drank from
Burgermeister Spring on a weekly basig in 1997,

Exposure scenaric assumnptions particular to this dose calculation include the foliowing:

. Annual average radioactive particulate concentrations at the Busch Memorial
Conservation Area were indistinguishable from background; therefore, no
inhalation dose due to radioactive air particulates was calculated for an individual
at Burgermeister Spring.

. No coniribution to the sstimated dose was included frem radon or radon progeny
concentrations associated with the Airborne (B) pathway, because annual alpha-
track results in the area were at background levels.
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. No contribution to the estimated dose was included for the external pathway,
because environmental TLD results at the Busch Memorial Conservation Area
indicated background levels.

. Maximum radionuclide concentrations in water samples taken from Burgermeister
Spring during 1997 (see Appendix B) were assumed to be present in the water
ingested by the maximally exposed individual (MEI).

. Dose equivalent conversion factors for ingestion, as follows: total uranium,
2.69E-4 mrem/pCi, Ra-226, 1.33E-3 mrem/pCi; Ra-228, 1 44E-3 mrem/pCi;
Th-228, 3.96E-4 mrem/pCi; Th-230, 548E-4 mrem/Ci; and Th-232,
2.73E-3 mrem/pCi; Ra-224, 3.66E-4 mrem/pCi; and Pb-212, 4.56E-5 mrem/pCi
{Ref. 28).

The total effective dose equivalent to the maximally exposed individual at the vicinity
properties from consumption of water from Burgermeister Spring was 0.46 mrem (4.6 pSv).

5,5.4 Collective Population Dose

This section discusses the estimated collective dose equivalent to the populations assumed
to be exposed to radiation from the WSSRAP, Statistical testing at the 95% confidence level for
all radioactive air particulate, radon gas, and gamma exposure measurements at critical receptor
monitoring locations indicaied that the only statistically significant resnits were for gamma
radiation exposure at TD-2004 and radiocaciive air particulates at AP-2005. These stations are
located atong the northeast WSCP perimeter near the MHTD facility and at the WSSRAP
administration building, respectively.

Measurements made by environmental thermoluminescent dosimeters {TLDs) indicated
above background results of gamma exposure at the MHTD facility, necessitating the
development of a general population exposure scenario. Also, the annual average radioactive
airborne particulate: concentration at low volume monitoring Station AP-2005 exceeded
background levels for 1997, Thus, a second popuiation exposure scenario was developed for
employees at the WSSRAFP administration building.

Another potential general population exposure is from the consumpticn of water,
sediment, and fish from the August A. Busch Memorial Conservation Area. Two lakes at the
congervation area receive runoff from the Weldon Spring site and are used for fishing and boating.
Scenarios were developed and a dose assessmenmt was performed for individuals potentially
present at the MHTD facility, the WSSRAP Administration Building, and Lake 35 at the Busch
Memorial Conservation Area in 1997,
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The scenario used for the Busch Memorial Coriservation Area is based on recreational use
for fishing, boating, and swimming activities. Only the ingestion parthways Liquid {B) and Liquid
(C) were considered plausible for this assessment. Exposure scenario assumptions particular to
this dose calculation are as follows:

. The MDC estimates that approximately 160,000 persons per year use the Busch
Memetial Conservation Area (Ref. 30), which is adjacent o the chemical plant and
raffinate pits area, while another 5,895 persons participate in recreational boating
activities,. Busch Lakes 34 and 35 receive runoff from the chemical plant and
raffinate pits area, and both lakes are used for fishing and boating. Therefore, a
population of 165,895 persons was assumed to have potential for exposure
through ingestion of fish, water, and sediment frem these lakes.

. The average time per fishing irip was 2.5 hours.

~®  The fish caught to time spent ratio is 6.4 fish/hour, and the ratio of fish kept to fish

caught is 0.5. If each fish canght is consumed by a different person, the aﬂ'ected '

populaticn would be 80,000 persons.

. The highest average total uranium concentration in a composite sunfish sample
collected from Lake 35 in 1996 was 0.019 pCi/g (7.0E-4 Bq/g).

. The average time spent at the Busch Conservation Area per boating trip was
approximately 5.7 hours (Ref. 30). '

. Each of 5,895 visitors made only one visit {0 the area and spent 5% of the time
swimming.

. Maximum water and sediment concentrations of total uraninm were 10.4 pCifl
(0.39 By/l) (see Table 7-11) and 26.6 pCi/g (0.99 Bq/g), respectively (Ref. 59).

. No contribution from airborne pathways was included in the Busch Memorial
Congervation Area dose estimates. Results from the measurements near the lakes
indicated that there was no reason to suspect, at the 95% confidence level, that
concentrations of airbome radicactive particulates or radon were greater than
background levels.

For 1997, the estimated population dose equivalent for the Busch lakes scenario was
(.13 person-rem (1.3E-3 person-5v).

DOEOR21548-730, Rev. 0 T0
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The scenario used for the MHTD facility is the same as listed in Section 5.5.1. Assuming
nine individuals work full-time at the facility, the collective population dose equivalent for the
MHTD facility is 0.023 person-rem (2.3E-4 person-Sv).

The scenario for the WSSRAP Administration Building includes only inhalation of above-
background concentrations of radionuclides as measured by low volume monitoring Station
AP-2005 in 1997. The population at the Administration Building includes 300 employees who
work an estimated 2,500 hours/year. Based on an annual net gross alpha concentration of
2,5B-16 pCi/ml (9.25E-12 Bg/ml), and assuming that the only radionuclide of concem is total
uranium, the collective population dose equivalent for employees at the Administration Building is
0.028 person-rem (2.83E-4 person-5v).

The estimated total collective population dose equivalent from all three scenarios
combined is 0.13 person-rem (1.3E-3 person-Sv) for 1997, Calculations are presented in
Appendix B, Section D.
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6. NESHAPS PROGRAM

This section provides information on 1997 annual atmospheric emissions of radionuclides,

in accordance with the requirements of 40-CFR 61, Subpart H, Nationa! Emission Standards for
Emissions of Rodionuclides Other Thon Radon From Department of Energy Fuacilities,
Evaluations presented here include airborne emissions data and dose assessment and compliance
information related to sources of radioactive particulate emissions at the Weldon Spring Site
Remedial Action Project (WSSRAP).

6.1 NESHAPs Monitoring and Dose Assessment Highlights

Results of National Emission Standards for Hazardous Air Pollutants (NESHAP)
monitoring at the seven crtical receptor moritoring Iocations indicated, at the 95%
confidence level, no reason to suspect that annual average gross alpha or radicisotopic air
particulate concentrations were greater than background levels.

The highest dose assessment wag for 2 medmally exposed individnal residing centinuously
in the Francis Howell High School. Resuits indicated an annual committed effective dose
equivalent (CEDE) of 0.1810.41 mrem {0.0018+0.0041 m8v} for this individual i 1997,

The 1997 collective population dose equivalent estimate for nine fuil-time emplovees of
the Missouri Highway Transportation Department (MHTD), 300 employees at the
WSSRAP, and 160,000 users of the Busch Memcrial Conservation Area was 0.13 person-
rem {0.0013 person-Sv). :

Total Rn-220 emissions from the Weldon Spring site were estimated to be 42 Ci
{1.6E12 Bq}in 1997. Off-site Rn-222 emissions in 1997 were negligible.

6.2 Facility Information

#.2.1 Site Description

Specific information about the Weldon Spring site can be found in Section 1 of this report.
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#.2.2 Source Description

The Weldon Spring site is being remediated in accordance with the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) and the National
Ewvironmental Policy Act (NEPA). It no longer operates as a uranium and thorium processing
plant and has been in mothball status since about 1966, Therefore, radionuclides are no longer
emitted from the original uranium processing plant sources (i.e., stacks, vents, or pipes described
in 40 CFR 61, Subpart H).

Most aithome emissions of radiomuclides at the Weldon Spring site resuit from wind
dispersion of surface soils, temposary waste storage areas, or dust and dirt from buitding debris
and fugitive dust generated during remedial actions. However, the site and guarry water
treatment plants, as well as the chemical stabilization/sclidification {CSS) facility when
operational, constitute potential “point source” of radionuclide emissions other than radon. All
on-site pumt emission sources that have the potential to emit radioactive airborne particulates are
ﬁltr:red using high efficiency particulate air (HEPA) exhaust systems

The chemical plant huﬂdmgs were cn:mtatmnatﬁd with ashbestos, hazardous chemical
substances, and isotopes of uranium, radium, and thorium. (Building dismantlement -was
completed in 1994) Concentrations in bulk samples collected from the buildings range from
hackground levels to 20,000 pCi/g U-238, 190 pCi/g Ra-226, 5,400 pCi/g Ra-228, and 540 pCi/g:

Th-230 (Ref.3). Radiological and chemical (i.e., polychlorinated biphenyls [PCBs], nitroaromatic

compounds, and metals) contaminants can also be found in the soil in several areas around the
site. Most of the 88 ha (217 acres) of the chemical plant area have above background
concentrations of uranium (>1 pCi/g). Radionuclide concentrations range from 0.3 pCi/g to
2,259 pCifg U-238, 0.2 pCi/g to 452 pCi/g Ra-226, 0.1 pCi/g to 155 pCi/g Ra-228 and 0.3 pCi/g
to 123 pCifg Th-230 (Ref 21). During foundation and associated contaminated soil removal
activities that were completed in July 1997, approximately 471,730 cu m {617,000 cu yd) of scil
and rubbie were removed to Ash Pond and the material staging arca (MSA} As of the end of
1997, approximately 65 ha (160 acres) of 87 ha (215 acres) of s0il have been remediated and
wastes are stored in Ash Pond,

The raffinate pits are radiologically contaminated with uranium and thorium residues and
chemical contaminants including nitrate, fluoride, PCBs, and various heavy metals. Radionuclide
concentrations found in raffinate pit sludge range from <10 to 3,400 pCi/g total uranmum, <8 to
34,000 pCi/g Th-230, <1 to 1,700 pCi/g Ra-226, <4 to 1,400 pCi/g Th-232, <4 to 1,400 pCi/g
Ra-228, and <3 to 1,100 pCi‘g Th-228 {Ref 74). Raffinate Pit 4 sludge removal and
consolidation activities were conducted during 1997, Prior to these activities, the raffinate pits
were dewatered and debris within the pits was removed. Remediation of the northern portion of
Raffinate Pit 4 also began in 1997,
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The quarry bulk waste located at the TSA, contains radiological and chemical
contaminants including uranium, radium, thorum, metals, nitrates, PCBs, semivolatile organic
compounds, nitroatomatics, and asbestos. The radionuclide concentrations range from 3.0 to
1,600 pCifg U-238, <1 to 2,780 pCi/g Ra-226, 0.7 to 36 pCi/g Th-232, <l to 2,200 pCilg
Ra-228, and <10 to 6,800 pCiig Th-230 (Ref. 2). The quarry bulk waste was removed and
placed at the temporary storage area (TSA} in 19935,

Overal!, the airbome emissions of radionuclides at the WSSRAP are caused by twe basic
physical phenomena: (1) pulverization and abrasion of surface materials by application of
mechanical force through implements (e.g, wheels, biades, eic.); and (2) entrainment of dust
particles by the action of turbulent air currents, such as wind erosion of an exposed surface by
wind speeds over 19 km/r (12 mph). The U.8. Environmental Protection Agency’s Compilation
of Air Pollutant Emission Factors (known as AP-42) documents emission factors for numerous
industrial activities, including the use of heavy construction equipment typical of that used at the
Weldon Spring Site Remedial Action Project (WSSRAP). These empiricaliy-derived emission
factors, which attempt to relate the quantity of a pollutant released to the atmosphere to the
activity associated with the release of that pollutant, are uitimately used to predict -downwind
- airtbormne pollutant concentrations - at- receptor locations. Emission rates, and snbsequently
dovarwind concentrations, depend on tnany- assumed parameters, including soil characteristics,
soil drop height, emissions contro! factors, meteorclogical measurements, road type, and vehicle
characteristics (e.g., trave! speed, number of wheels, weight), all of which. cortain-a-degree of
uncertainty.

5.3 Air Emission Data

Based on the discussion in Section 6.2.2, Source Description, combiting the assumed
parameters with those included uncertainties and propagating them through Gaussian plume
modeling to determine downwind airborne radionuclide concentrations resuits in conservatively
large estimates of effective dose equivalent at receptor locatiens. Using the fugitive dust emission
factors provided by the EPA, the amount of entrainment has been estimated for the emission
sources at the WSSRAP to support engineering design studies; however, more accurate estimates
of anmual public effective dose equivalents are needed than can be realistically obtained using this
method. :

After evaluating the methods of assessing effective dose equivalents fiom radionuclide
entissions from the Weldon Spring site, it was determined that monitoring air concentrations at
critical receptors was the most accurate means of assessing effective dose equivalents to
maximally exposed individuals. This alternative approach has been approved by EPA Region VH
{Appendix A). The designation of the critical receptors and sampling procedures are described in
Section6.4. 1.
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This section provides information regarding all of the point and non-point sources at the
WSSRAP. Site radionuclide air emission data during thé calendar year of 1997 are also reported.

6.3.1 Point Sources

Table 6-1 briefly describes the two chemical plant water treatment plants, the quarty water
treatment plant, and the CSS pilot facility and lists their nearest receptor locations. Because
critical receptor menitoring is performed at the WSSRAP, additional effluent monitoring under
the requirements of 40 CFR 61 Subpart H and U.S. Department of Energy (DOE} Order 5400.5
is not reguired. In addition to critical receptor monitoring, engineering calculations have been
performed to assess releases from the quarry and chemical plant water treatment plants and
resulting dose equivalents to memberts of the public. These results indicate a dose equivalent of
iess than 0.1 mrem (0.001 mSv) at the nearest receptor location as provided in Table 6-1,

Tabte 6-1 WSSRAP Point Sources
- EFFLUENT NEAREST
COKTROL RECEPTOR .
POINT SOURCE ID DESCRIPTION EFFICENCY - DESCRIPTION DISTANCE
Site Watsr Treatment Plant High Efficlency Air 50 57% for Administration 400 m
Particults (HEPA) 0.3 micran DOP* | Building
Fittered
Cuarry Water Treatment High EMiclancy Air 08.07% for - Residence 700 m
Plant Particulate [HEFPA) 0.3 micron DOP
Filtered
GBS Piot Facilty . High efficiency air 99.97% for 0.3 Administration 600 m
particulate (HEFA) rmicren DOP Buliding
fitared
¥ [HOP - Dioctylphthalat:

65.3.2 Grouped Sources

The WSSRAP has not defined any grouped sources,
6.3.3 Non-Paint Sources

The WSSRAP primary sources for emissions are diffuse sources that at the most basic
level consist of two areas, a chemical plant area and a quarry area. Due to the many different and
constantly changing activities within these areas, the WSSRAP has chosen to monitor airborne |
concentrations at nearby critical receptor locations to demonstrate compliance with the NESHAPs
standard.
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The quarry diffuse source is a 3.6 ha (9-acre) limestone quarry located approximately
6.4 km {4 mi) south-southwest cof the chemical plant area. The quarty is essentially in a closed
basin; surface water within the rim flows to the quarry floor and into & pond that covers
approximately 0.07 ha (0.2 acre). The quarty was used as a disposal area for dinitrotoluere
(DN'F) and trinitrotoluene (TNT) process wastes; uranium, radium, and thorium residues; the
associated decay products from on-site and off-site processing of uranium and thorium; and
building rubble and seils from the demolition of a uranium processing facility in St Louis,
Missouri. A major remediation project involving the removal and centrolled temporary storage of
approximately 110,000 n?® {144,000 yd*) of contaminated bulk waste was staried in 1993 and
completed at the end of 1995, Residual radicactive contamination remains at the quarry and
could be a potential source of airborne particulates.

The Weldon Spring Chemical Plant diffuse source encompasses 87 ha (215 acres} on
which the Ash Pond storage area {APSA), four raffinate pits, the TSA, and thea MSA are located.
Airbome emissiocns from the chemical plant result from windblown resuspension of radioactive
particulates from site soils and chemical plant building material and debris, and resuspension of
. radioactive -particulates from - site ‘Operations such as building foundation removal and soil
. excavation. During the foundation and contaminated soil removal activities, which was
accomplished by July 1997, approximately 303,528 cu m (397,000 cu vd) of soil and rubble were
removed znd placed in Ash Pond. Approximately 168,202 ¢u-m (220,000 cu yd} were removed
to MSA. In addition, the nitroaromatically contaminated soils at the TSA were treated and
stockpiled from October 1997 to February 1998. The strategy for all the above activities was to
make efficient nse of rescurces by minimizing the quantity of fine grain soil that was to be
relocated, selecting equipment that will minimize dust generated during operations, limiting
surface exposure of contaminated soils, and fimiting hauling distances of all soils to a mimmum.
During 1997, no NESHAPs critical receptor menitors indicated radioactive air particulate
concentrations statistically greater than background levels.

6.3.4 Net Measured Radionuclide Concentrations

Based on the sample analyses resuits obtained from the critical receptors, net measured
concentrations for each radionuclide during each quarter are listed in Table 6-2, and the yearly
averages are compared to the limiting levels listed in Subpart H of 40 CFR 61, Appendix E,
Table 2.

_ The surn of the fractions obtained from dividing each radionuclide concentration by the
listed NESHAPs limit is minus 1.13%. The negative value is caused by subtracting the anmual
average background concentrations of each specified radionuclide and, therefore, demonstrates
that the net measured concentrations around the WSSRAP are comparable with: the background
concentration level.
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Table 6-2 Net Concentrations and Compasison
QUARTERLY AVERAGE =j:Ci/n)
YEARLY NESHAPe | PRECENT
15T 2ND 3RD 4TH AVERAGE LIMIT" OF LIMIT
RADIONUCLIDES | QUARTER | QUARTER | QUARTER | QUARTER | [Clim") {Cirm®} (%)
L2238 8.04E-18 D.88E-18 2. 11E-17 1.64E-17 1.71E-17 B.30E-15 0.21
J U234 2. 13E-18 1.ME-17 3. 14E-17 1.86E-17 1,85E-17 7. 7TOE-15 {2.22
Ra-224 3.0BE-18 7.3BE-18 9.62E-18 2.57E-17 1.17E-17 4.30E-15 0.33
Ra-2238 -6.5E-19 -24E-17 1.83E-17 i -2E-18 5.20E-15 -0.03
Th-Z28 1.3E-18 3.1E-1% 5.88E-17 -3.8E-17 5 &6E-18 3. 10E-15 .18
Th=-230 1.74E-18 1.05E-17 | 2 9BE-17 -2.87E-17 | 3.78E-18 3.40E-15 U
Th-232 2.09E-19 AB7E-1B | -2 4E17 -3 038-17 | -1.3E17 B.20E-18 ~2.17
TOTAL -1.13
* Regulatsd net measured concantrations for aach nuclide in 40 CFR 81, Subpart H, Appendix E, Table 2.
bl Background concentrations have basn subiracted from the gross radlonuclide concentration values.

s Indicate rejested erronecus data.
Multiply 3.7E10 to convart pCirm® to Bg/m®.

6.4 Dase Assessment

Due to the uncertainties associated with modeling aitborne radionuclide emissions
resulting from radioactive sources at the Weldon Spring site, the WSSRAP has chosen a miore
reliable method ef critical receptor monitoring. To- demenstrate compliance with -applicable
standards, these critical receptor locations are places where members of the public abide or reside
and have a poteniial to encounter off-site concentrations of radioactive airtborne particulates
during WSSRAP remediation activities. The critical receptor moniioring methodology is

“described in the WSSRAP Plan for Monitoring Roadiomuclide Emissions Other Thorr Roadon of
Weldon Spring Site Critical Receptors (Ref. 21), which has been approved by EPA Region VII,

£.4.1 Sampling Procedure

As mentionad in Section 3.2.1.1 of this report, seven designated critical receptor locations
surrounding the Weldon Spring site have heen selected in order to achieve compliance with
NESHAPs requirements. The seven locations were selected based on their proximity to the site
(less than 1 km [0.62 mi]) and the probability that members of the public would spend at least
& hours per day near them. The seven critical receptor locations and the background monitoring
location are shown in Figure 6-1 and are described in Table 6-3. They include: the common
boundary of the Weldon Spring Chemical Plant and the Missoun Highway and Transportation
Department (MHTD) maintenance facility (AP-2001), the WSSRAP administration building
(AP-2005); Francis Howell High School (AP-4006); the Awvgusi A, Busch Memorial
Conservation Area (AP-4007); the Weldon Spring Training Area on the Department of the Army
property (AP-4008); 150 m (0.1 mi) from the residence nearest to the quarry (AP-4011), and a
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